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Mpearosop

Op noyetka KOBU/L, naHgemuje, unaHosm Akagemuje C/1 cy ganm cBoj 4ONPUHOC Y HEHOM
pa3ymeBakby ogpKaBatbem on-line cactaHaka U webinara Kao u TecToBUMa 06jaB/beHUX Ha
WMHTEpPHET CTpaHu AKagemuje. IcToBpeMeHO, eKcnepTy U3 pasnnymtnx o6aactn Hanmcanm cy
npernegHe YnaHKe Koju cy aHanusmpanm akytHo KOBUA-19 obosberbe a cBU pagoBu cy
peueH3npaHn 1 objaB/beHM Ha UHTEPHET CTPaHu AKagemuje.

Buwe og 4 rognHe HakoH noveTKa naHgemuje COVID-19, mnunnonmn joygm n gasme nate og
AyropoyHmx nocneamua SARS-CoV-2 nHdeKumje. YNpKoc xn/bagama pasoBa Koju y CBOjUM
HacNoBMMA WM ancTpakTMma nomukby ,ayrotpajHn COVID”, ,noctakyTHe (nocneauue)
COVID-19“, ,xpoHun4yHn COVID-19“ unn ,crarbe HakoH COVID-19“, mHOrM KAMHWYapu ocTajy
HECUTYPHM KaKo Zia npoLeHe n sieye ocobe ca ctakbem HakoH COVID-19, Takohe nosHaTum
Kao ayrm COVID. Pa3no3nm 3a 0By HECUTYPHOCT YK/bydyjy HeycarnaweHe aeduHuumje;
NOCTOjatbe BULLECTPYKMX MaTOPUIMONOLIKMX MexXaHW3ama; HeaocTaTaK jeANHCTBEHOr U
npucTynayHor 6MomapKkepa Koju 61 ce morao KOpUCTUTK 3a AnjarHosy u npahewe. Cee 10
yKasyje Aa je nsrnena 6uno nakwe M3y4ynTn akyTHy 6onecT Hero heHe XPoOHUYHe nocneauLe.

Un/b oBOr cMmnosmjyma je Aa OnaKkla KAMHMYapUMa pasymeBarbe CMMMTOMA M 3HAKOBA
b6onectn Koje Hactajy Kao nocneauua akytHe SARS-CoV-2 mHdeKumje. Hawm ekcneptu cy
NPWKasanuM AnYHa WCKycTBa M3 obnacTu Heyponoruje, eHAOKpuHonoruje, Hedponoruje,
KapAMonoruje, OKCUAATUBHOT CTPECa M KBaauTeTa XueoTa. OBO je jow jeaaH BaxKaH A0NPUHOC
ynaHoBa AKagemuje y oCcTBapmBEHY CBOje OCHOBHE MUCHje — aZlyKalmje neKkapa Cpbuje

Preface

Since the beginning of the COVID pandemic, members of Academy SMS have contributed to
its understanding by organizing online meetings and webinars, and by creating tests published
on the Academy website. At the same time, experts from various fields of medicine have
written review articles analyzing acute COVID-19 disease, all of which have been peer-
reviewed and published on the Academy website.

More than 4 years after the start of the COVID-19 pandemic, millions of people continue to
suffer from the long-term consequences of SARS-CoV-2 infection. Despite thousands of
papers that mention “long-term COVID,” “post-acute (sequelae) of COVID-19,” “chronic
COVID-19,” or “post-COVID-19” in their titles or abstracts, many clinicians remain uncertain
about how to diagnose and treat individuals with post-COVID-19, also known as long-term
COVID. Reasons for this uncertainty include conflicting definitions; the existence of multiple
putative pathophysiological mechanisms; lack of a single and accessible biomarker that could
be used for diagnosis and monitoring of disease. All this indicates that it seems to have been
more easier to study the acute disease than its chronic consequences.

The goal of this symposium is to facilitate clinicians' understanding of the symptoms and signs
of the disease that arise as a result of acute SARS-CoV-2 infection. Our experts presented
personal experiences in the fields of neurology, endocrinology, nephrology, cardiology,
oxidative stress and quality of life. This is another important contribution of the Academy
members to the achievement of their basic mission — the education of Serbian physicians.
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AYIOTPAJHU KOBUA-19 - 3BHAYA)J TEME
Haga AumKosuh

MeoduuyuHcku pakynmem, YHueep3umem y beozpady,
Akademuja meduyuHcKux Hayka Cprickoe nekapckoe opywmea, beoepad, Cpbuja.

Buwe og 4 rogMHe HakoH noveTKa naHgemmje KOBU-19, mMmamoHn /byan u gasbe nate og
AyropoyHmnx nocneauua uHoekumje SARS-CoV-2 (1,2). YnpKkoc xu/bagama akaaeMCKUX
pagosa (yk/mwyuyjyhu 170 peBujanHux npernega) Koju nomurby ,ayropodyHn KOBUAY,
,nocTakyTHe (nocneaunue) KOBUA -19%, ,xpoHnunun KOBUA-19“ nnum ,,ctatbe HakoH KOBUA-
19“ y cBOjMM HacNOBUMA UMM ANCTPAKTUMA, MHOTU K/IMHMYApPW OCTajy HECUTYPHU Kako Aa
npoueHe u nedye ocobe ca ctatbem HakoH KOBW/-19, no3HaTtMm 1 Kao ayrotpajHu KOBU/.

Pa3nosn 3a 0By HECUTYPHOCT YK/by4yjy pasanuunte aeduHuumje, NOCTojakbe BULLECTPYKMX
HaBOAHMX NATOPU3IMOMOLWKUX MexaHU3ama, HeAoCTaTaK jeAMHCTBEHOr, A0rOBOPEHOr U
npuctynayHor 6uMomapkepa Koju 6u ce MOrao KOpUCTUTM 3a AujarHosy, npahere wu
UCTPaXKMBatbe, M MPOMEHE Y NPUPOLHOM TOKY OBOT CTakba KOje je M3a3BaHO €BO/yLMjom
BMpYyCa, BaKUMHALMjOM M HOBMM Tepanujama. Mep3uctupajyhe nocneguue v ayropoyHe
komnaunkaumje KOBMNA-19 Ha3BaHe cy ayrotpcajium KOBUO-om oa cTpaHe nauujeHaTta 20.
maja 2020. (3). Cnepehe pgeduHuumnje pajy C30, MuUHUCTApPCTBO 34paB/ba U COLMjATHUX
cnyx6u CAL u HaumoHanHW MHCTUTYT 3a 34paB/be U KAWMHUYKY WM3BPCHOCT YjeaurbeHor
KpasmesctBa. OBe gmjarHose cy yrnaBHOM AECKPUMNTUBHE M HU Y KOM C/ly4vajy He 3axTeBajy
No3nTMBaH NabopaTopUjCKM AU APYTN ANjaTHOCTUYKM TeCT.

Moryhu mexaHusmu gyrotpajHor KOBUA-a cy:

1. MukponHdnamaumja Buwe opraHa —ymop, 6o y muwmnhuma, 3amyheHocT ceectu
2. lucbanaHc Koarynauuje u npobaemun BesaHu 3a Koarynauujy

3. Mep3nCcTeHTHO NPUCYCTBO BMpPYCa — 3axBaheHOCT BMLIe opraHa

4. AytoHoMHe geperynaumje — NMOTC, Taxmukapanja, BpTornasmua, Bapmjaumje KpBHor
npuTUCKa

5. OerpaHynaunja mactoumTa — Nnep3nCTEHTHM Kallasb

6. YTMUAj Ha MMKpobMome y LpeBUMa — raCTPOUHTECTUHATHU CUMMITOMM

7. AKTUBaAUMja APYrnX CTakba HEMO3HATUM NYTEM

banzy 50% npexusenunx og KOBU-19 a0XuUBKU jedaH AU BULLe pe3nayanHUX CUMOTOMA Y
POKYy 04 4eTupu Mmeceua o4, aKyTHe uHdeKumje. CMMNTOMWM Cy YECTO BULLECTPYKM,
HecneumMduUHM U TELWKO UX je noBe3aTu ca AnjarHo3om. 3abyHa moxKe HacTaTtM M 360r
YnkbEeHMLE Aa CUMNTOMM YecTo noacehajy Ha cumnTome CMHAPOMA XPOHUYHOT



ymopa/pubpomujanruje, kKao u NMNOTC-a (cMHAPOM NOCTypanHe OpTOCTaTCKe TaxmMKapauje) u
CTOra ocTajy HenpernosHaTn Kao ayrotpajHn KOBUA.

MaumjeHTU Aajy pa3nmMunTe ONMce CBOjUX UCKYCTaBa noc/e 06o/berba, M CBU YKa3yjy Ha yTULA]
KOBWA-19 Ha cBakoaHeBHM umBoT. CTora nocTtoju notpeba 3a ycknahusarbem T3B. ,,eTUYKE”
(cnomawme) u ,,emujcke” (MHCajaepCKe) NepcneKkTuBe, NyTem UCTpaKuBama Koja he ysetn y
0631p KaKo NaunjeHTU [0KMB/baBajy ayrotpajin KOBU-19. HbmuxoBu onucK 1 3Havaj Koju
NPUNNUCYjy CBOjUM MCKYCTBMMA je MMNEPaTMB 3a Halle pasymeBame Yy UW/by M3y4vaBakba U
npeno3HaBakbe OBOr XPOHMYHOr CTTakba. HaKanocT, 3Hatbe naumjeHaTa O AyroTpajHOM
KOBUA-y 4yecTo je npenywTeHo MHbOpMaLMjama Koje MOTMYY BaH MeAMLMHCKE CTpyKe
(Tabena 1). To noTBphyje noTpeby HacTojarba Aa ce ayroTpajHom KOBU-y npuhe TMMCKM.

Tabena 1. Cunapom HakoH KOBU/-19 npema 3Hakby M nepuenuujm nauumjeHaTa (Healthcare
2025, 13, 757; https://doi.org/10.3390/healthcare13070757)

Mocne 24 meceua oz npenexkaHe KOBU-19 6onectu bp. 158
[a nv 3HaTe wra je gyroTpajHu KOBNA-19 cuHapom (6p. %)?
OA 75 (47)
HE 46 (29,)
Hucam curypaH/curypHa 37 (23,4)
Kako cte nHdopmucanHu y sean KOBUA-19 cunapoma (6p. %)?
N3abpaHu nekap 30(19,2)
Cneumnjanucra 12 (7,7)
NHTepHeT 44 (28,2)
Meauje (TB, HoBMHE) 45 (28,9)
Opyro 25 (16)
[a nvn mncnute aa umaTte oBaj cMHApPoM nocne 24 meceua og 6onectu (6p, %)
OA 46 (29,1)
HE 69 (42,7)
Mo aa/Hucam curypaH 42 (27,2)

Y 3aK/byuKy, ayrotpajHu KOBUA-19 je Beoma pacnpocTpakbeH, ann cnabo cxsaheH.
AyrotpajHn KOBMNA-19 u3rnega Kao CAoXeH CMHOPOM Koju obyxBaTa GU3NYKE N MEHTANIHE
CMMNTOME KOju oHecrnocobsbaBajy 0coby y CBaKOAHEBHOM MBOTY. [auunjeHTN ce ocnamajy
Ha nHPopmaLmje HeJ0BO/LHOT UM CYMHUBOT KBAa/IUTETA, @ HE HA OHE Koje HyAe KAMHUYapW.
MoTpebHO je AocCTa paga M Hanopa Yy M3y4yaBakby AyroTpajHux nocneguua KOBWA-19,
yK/byuyjyhn n nmyHa nckyctea 6onecHumka.

JNntepatypa:

1. Frallonardo L, Segala FV, Chhaganlal KD, Yelshazlu M, Novara R, Cotugno S, et al.
Incidence and burden of long COVID in Africa: a systematic review and meta-
analysis. Sci Rep 2023; 13(1):21482. doi: 10.1038/s41598-023-48258-3.

2. Kostka K, Roel E, Trinh NTH, Mercade-Besora N, Delmestri A, Mateu L, et al. The
burden of post-acute COVID-19 symptoms in a multinational network cohort
analysis. Nat Commun 2023; 14(1):7449. doi: 10.1038/s41467-023-42726-0.

3. Callard, F - Perego, E. How and why patients made long COVID. Soc Sci
Med. 2021; 268, 113426. doi: 10.1016/j.socscimed.2020.113426.
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LONG COVID-19 - THE SIGNIFICANCE OF THE TOPIC
Nada Dimkovié

Faculty of Medicine, University of Belgrade,
Academy of Medical Sciences of the Serbian Medical Society, Belgrade, Serbia.

More than 4 years after the COVID-19 pandemic began, millions of people continue to suffer
long-term sequelae of SARS-CoV-2 infection (1,2). Yet, despite thousands of academic papers
(including 170 systematic reviews) mentioning “long COVID”, “post-acute (sequelae of)
COVID-19”, “chronic COVID-19”, or “post-COVID-19 condition” in their titles or abstracts,
many clinicians remain unsure of how to evaluate and manage individuals with post-COVID-
19 condition (also known as long COVID).

Reasons for this uncertainty include conflicting definitions; the existence of multiple putative
pathophysiological mechanisms; the lack of a single, agreed upon and accessible biomarker
that could be used for diagnosis, monitoring, and research; and changes in the natural history
of this condition over time caused by viral evolution, vaccination, and novel therapeutics. The
persisting sequelae and long-term complications of COVID-19 were named long COVID by
patients on May 20, 2020 (3). The following definitions are provided by the WHO, US
Department of Health and Human Services, UK National Institute for Health and Clinical
Excellence. These diagnoses are mostly descriptive and in no case do they require a positive
laboratory or other diagnostic test.

Possible mechanisms of long COVID include:

Multi-organs Microinflammation — fatigue, muscle pain, brain fog
Coagulability imbalance and coagulation related problems
Persistent Virus presence — Multi organ involvments

Autonomic deregulations — POTS, tachycardia, dizziness, BP variation
Mast Cell Degranulation — Persistent Cough

Affecting microbiomes in the guts — gastro symptoms

N o ubkwnNe

Activation of other conditions via unknown pathway

What is known is that close to 50% of COVID-19 survivors experience 21 residual symptoms
within four months of acute infection. Symptoms are often multiple, non-specific and difficult
to relate to a diagnosis. Confusion can also arise from the fact that symptoms often resemble
those of Chronic Fatigue Syndrome/Fibromyalgia, as well as POTS (postural orthostatic
tachycardia syndrome) and thus remain unrecognized as long COVID.

Patients provide diverse descriptions of their experiences after illness, generally indicating
the negative impact of COVID-19 on their daily lives. Therefore, there is a need to reconcile
the so-called “ethic” (outsider) and “emic” (insider) perspectives, through research that will
take into account the patient’s experience, i.e. how they experience the long COVID-19
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syndrome. Their descriptions of the syndrome and the significance they attribute to their
individual experiences is imperative for our understanding in order to study and recognize
this chronic condition. Unfortunately, patients’ knowledge of long COVID is often left to
information originating from outside the medical profession (Table 1). This confirms the need
to strive for a team approach to long COVID.

Table 1. Post-COVID-19 syndrome according to the knowledge and perception of patients
(Healthcare 2025, 13, 757; https://doi.org/10.3390/healthcare13070757)

At 24 Months After the COVID-19 Onset N =158
Do you know what is the post-COVID-19 syndrome?, n (%)
Yes 75 (47.5)
No 46 (29.1)
Maybe /uncertain 37 (23.4)
What is the source of your knowledge regarding the syndrome?, n/N (%)
General Practitioner 30/156 (19.2
Specialized Physician 12/156 (7.7)
Internet 44/156 (28.2
Media (television, newspapers) 45/156 (2l8,9:
Other 25/156 (16.0
Do you think you suffer from this syndrome at 24 months?, n (%)
Yes 46 (29.1)
No 69 (43.7)
Maybe /uncertain 43 (27.2)

In conclusion, long-term COVID-19 is is highly prevalent but poorly understood. Long COVID-
19 appears to be a complex syndrome that includes physical and mental symptoms that
impair a person’s ability to function in daily life. Patients rely on information of insufficient or
guestionable quality, rather than that provided by clinicians. Much work and effort is needed
to study the long-term consequences of COVID-19, including the personal experiences of

patients.

References:

1. Frallonardo L, Segala FV, Chhaganlal KD, Yelshazlu M, Novara R, Cotugno S, et al.
Incidence and burden of long COVID in Africa: a systematic review and meta-
analysis. Sci Rep 2023; 13(1):21482. doi: 10.1038/s41598-023-48258-3.

2. Kostka K, Roel E, Trinh NTH, Mercade-Besora N, Delmestri A, Mateu L, et al. The
burden of post-acute COVID-19 symptoms in a multinational network cohort
analysis. Nat Commun 2023; 14(1):7449. doi: 10.1038/s41467-023-42726-0.

3. Callard, F - Perego, E. How and why patients made long COVID. Soc Sci
Med. 2021; 268, 113426. doi: 10.1016/j.socscimed.2020.113426.
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AYrOPOYHE NOCNEQMULIE SARS —COV-2 UH®EKLUMIJE — LUTA 3HAMO OAHAC?
Mapko Mapkosuh, MBaHa Munowesuh

KnuHuka 3a uHgpekmusHe u mporcke 6oaecmu, KnuHuyku yeHmap Cpbuje, MeduyuHcKu
¢axkynme YHusepzumema y beoepady, beoepad, Cpbuja.

OKcnaaTMBHM CTpec HacTaje Kaga Npou3BoAra KMCEOHUYHWUX cnobogHux paguKkana (eHr.
Reactive oxigen species — ROS) npesasunnasy KanauuteT €HAOreHUX aHTUOKCUAATUBHUX
ofnbpambeHnx mexaHM3ama, WTo A0BOAM A0 owTeherba BMONOLKM BaXKHUX MaKPOMOJIEKyNa
- NPOTEMHA, AMNUAA U HYKNEUHCKUX KucenuHa. Ayrotpajiu KOBUA pneduHucaH je Kao
nepsucTMpare WM nojaBa HOBUX Teroba 3 meceua HaKoH WHUuUMjanHe SARS-CoV-2
MHPEKUMje M Koje Tpajy Hajmare 2 MeceLa, Npu Yemy Cy UCK/bydeHe gpyre, anTepHaTUBHe
AnjarHose. Moxe ce npe3eHTOBaTN Ha CBMM CUCTEMMMA OPraHa, a Hajuewhe cy HeypoOOLLKe,
KapAunoBacKynapHe 1 nyamonolike maHudectaunje ayrotpajHor KOBU/-a. C o63npom aa je
npouereHo Aa oKko 10% cBux ocoba HAKOH aKyTHe MWHdeKuuje pasBuje CMMNToMe
ayrotpajHor KOBWA-a v pa ce KymynatuBHM 6poj obonenux op, akyTHe SARS-CoV-2
nHdekumje Nnpubankasa MUanjapam, 3ak/bydyje ce ga 3HayajaH bpoj /sbyamM uma u nmahe
AyropoyHe cekBene oBe 6onectn. Pesyntatv pocagalitbMX UCTParkMBakba YKasanu cy Ha
3Hayaj OKCUAATUBHOT CTPEca He CaMo Y akyTHOj SARS-CoV-2 uHdekumju, Beh ny ayrotpajHom
KOBWA-y, roe ce ny oacycTBy akTUBHE BUPYCHE penamKaumje Mory permctpoBaTti napameTpum
nojayaHor OKcMAaTUBHOr cTpeca. Tokom ayrotpajHor KOBWO-a BMpycom NOKpeHyTa
MUTOXOHAPUjanHa ANCHYHKLMja U YNOPHO NMPOOKCUOATUBHO CTakbe CE€ OApPrKaBajy 4YaK U
HAKOH enumuHaunje Bupyca. KnnHuMuke cTygmje cy nOKasasne MOBULLEHE MapKepe
nepokcupaumje nunuaa, KapboHwnaumje npoteMHa W nopemeheHy peumnprynaumjy
rAyTaTMOHA Ko, nauujeHata Koju MMajy YNOpHE CMMMTOME MeCELMMA HaKoH WHPeKuuje.
Ob6jaB/beHN nogaum cy AONpPUHEeNU gasbem pasymeBakby oBor ¢peHomeHa, nokasyjyhu ga
naumMjeHTn ca AyroTpajHMM KOBMAOM MCNO/baBajy cneunduyHe 6GuoxemMujcke peaokc
npo¢mnne un Behy y4yecTanocT HEMNOBO/bHUX MoAMmopdM3ama reHa Koju Koampajy
AHTMOKCMAAHTHE NPOTEUHE.

KOHKpeTHO, nojeaAnHayYHn HyYKNeoTuaHn nonnmopdusmm (SNP) y reHMma Kao wto cy SOD2
(rs4880), GPX1 (rs1050450), CAT (rs7943316) u TpaHcKpununoHu daktop NFE2L2 (Nrf2;
rs6721961) noBe3aHu cy ca CMak€HOM €H3MMCKOM aKTUBHOLWhY U cMakbeHOM cnocobHowhy
Aa ce cynpoTcTaBe okcuaatTusHUmM owTteherwsnma. OBe reHeTcKe BapujaHTe MOy HApPYyLUMTU
MUWTOXOHAPUjANHY OTMOPHOCT, noacTahu XpPOHWYHY HUCKOcTeneHy WHbNamauunjy u
OONPUHETU NepP3UCTEHLMjU CUMATOMA KO FreHEeTCKU npeancnoHnpaHux nojeanHaua. BaxHo
je nctahu ga oBM Hanasm yKkasyjy Ha HacneaHy NOAN0MKHOCT OKCUAATUBHOM CTPECY, LUTO MOXKe
nomohu y objalirberby XETEPOreHOCTU KAMHUYKMX MaHudecTaunja gyror KOBMUO-a Koje ce
3anaxajy y npakcu (Cnuka 1).
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M3 KAMHWYKE nNepcneKkTMBe, YK/byumBarbe reHeTCKor npoduancarba aHTUOKCUMAATUBHUX
CMUCTEMA Y MPOLEHM NaumjeHaTa morno 6u ga npeacrtas/ba HOB anaT 3a CTpaTUDMKaLMjy
pU3MKa W NepcoHanM30BaHO Yyrpas/bakbe Jsedyerwem. MaeHTUdMKauumja nauyujeHaTa ca
BMCOKOPU3NYHUM  FeHOTUNOBMMA MoXe omoryhutn paHuje npahewe, UM/baHy
AHTUOKCUAATUBHY Tepanujy U MHTEH3MBHWje pexabunutaumoHe crpaTerunje. Mopes Tora,
Tepanujckn NpPUCTynM yCMepeHn Ha obHaB/batbe PeaoKC paBHOTEXKe — Kao wWTo cy N-
aueTununuctenH, KoeHsmm Q10 m aktmBaumja Nrf2 nytatbe — MOKasyjy noTeHuujan vy
ybnaxaBary cMmMnToma M nobosbluaky ¢GYHKLMOHANHOI OMOPaBKa, MAKO Cy HEOMxoAHa
OeTa/bHUja KNIMHMYKA NCNUTUBakbA.

Y oBOM pajy npeactaB/bamMoO aKTyeslHa Ca3Hakba O WMHTEPaKLUMjU OKCMAATUBHOr cTpeca u
reHeTCcKe npeaucrnosuunje y KoHTekcty ayrotpajHor KOBU/-a, Harnawasajyhu notpeby 3a
NnepcoHaM30BaHMM NPUCTYNOM Y ANjarHOCTULM U IeYerby OBOT CTaka. [1peno3HaBambe ynore
nonMmopdursama reHa 3a aHTUOKCUOQAHTHE NPOTEMHE Yy NOCTBMPYCHOj CMMMNTOMATONOIMjN
morno 61 aa gosese Ao yHanpehera NPOrHOCTUYKNX MogeNa U Un/baHUX MHTepPBEHLM)a 33
oBy cBe 6bpojHKUjy nonynauujy nauujeHaTa.
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Cnuka 1. O4 reHeTUKe M OKCUAATUBHOT CTPeca A0 KAMHUYKKMX MaHudecTaunja KOBUO-a
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LONG-TERM CONSEQUENCES OF SARS —COV-2 INFECTION — WHAT DO WE KNOW TODAY?
Marko Markovié, lvana MiloSevi¢

Clinic for Infectious and Tropical Diseases, Clinical Center of Serbia, Faculty of Medicine,
University of Belgrade, Belgrade, Serbia.

Oxidative stress occurs when the production of reactive oxygen species (ROS) exceeds the
capacity of endogenous antioxidant defence mechanisms, leading to damage to biologically
important macromolecules - proteins, lipids and nucleic acids. Long-term COVID is defined as
the persistence or development of new symptoms 3 months after the initial SARS-CoV-2
infection and lasting at least 2 months, when other, alternative diagnoses excluded. It can be
presented by affecting all organ systems, and the most common are neurological,
cardiovascular and pulmonary manifestations of long-term COVID. Given that it is estimated
that about 10% of all individuals after acute infection develop symptoms of long-term COVID
and that the cumulative number of people with acute SARS-CoV-2 infection is approaching
billions, it is concluded that a significant number of people have and will have long-term
sequelae of this disease. The results of previous research have indicated the importance of
oxidative stress not only in acute SARS-CoV-2 infection, but also in long-term COVID, where
parameters of increased oxidative stress can be registered even in the absence of active viral
replication. During long-term COVID, virus-induced mitochondrial dysfunction and a
persistent pro-oxidative state are maintained even after viral elimination. Clinical studies have
shown elevated markers of lipid peroxidation, protein carbonylation, and impaired
glutathione recycling in patients with persistent symptoms months after infection. The
published data have contributed to further understanding of this phenomenon, showing that
patients with long-term COVID exhibit specific biochemical redox profiles and a higher
frequency of unfavourable polymorphisms of genes encoding antioxidant proteins.

Specifically, single nucleotide polymorphisms (SNPs) in genes such as SOD2 (rs4880), GPX1
(rs1050450), CAT (rs7943316), and the transcription factor NFE2L2 (Nrf2; rs6721961) are
associated with reduced enzymatic activity and a reduced ability to counteract oxidative
damage. These genetic variants may impair mitochondrial resistance, promote chronic low-
grade inflammation, and contribute to the persistence of symptoms in genetically
predisposed individuals. Importantly, these findings suggest a heritable susceptibility to
oxidative stress, which may help explain the heterogeneity of clinical manifestations of long-
term COVID-19 observed in practice (Figure 1).

From a clinical perspective, incorporating genetic profiling of antioxidant systems into patient
assessment could represent a new tool for risk stratification and personalized treatment
management. ldentification of patients with high-risk genotypes may allow for earlier
monitoring, targeted antioxidant therapy, and more intensive rehabilitation strategies. In
addition, therapeutic approaches aimed at restoring redox balance—such as N-
acetylcysteine, coenzyme Q10, and activation of the Nrf2 pathway—show potential in
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alleviating symptoms and improving functional recovery, although more detailed clinical trials
are needed.

In this paper, we present current knowledge on the interaction of oxidative stress and genetic
predisposition in the context of long-term COVID, emphasizing the need for a personalized
approach in the diagnosis and treatment of this condition. Recognizing the role of antioxidant
protein gene polymorphisms in post-viral symptomatology could lead to improved prognostic
models and targeted interventions for this growing patient population.

Intracellular processes
Long COVID
Mitochondrial dysfunction

’ ﬁ ﬁ Mitochondrial oxidative stress

Oxygen free radicas’ storm

in mitochondrias /

d= |

/ Fatigue, headache, \

Myalgia, dyspnea
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Figure 1. From genetics and oxidative stress to clinical manifestations of Covid
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MNOJABA DE NOVO AYTOUMYHUX EHAOKPUHOMATUIA KOA OAPAC/IUX U3A3BAHUX
VIRUSOM SARS-COV-2

Bepa Monosuh bBpkuh

Mpogecop uHMepHe meduyuHe/eHOoKpuHonoauje, MeduuyuHcKu gpakynmem, YHusepumem
y beoepady, Akademuja meduyuHckux Hayka Cprickoe ekapcKkoez Opywmaea, beoepad, Cpbuja.

YBop,

Kog myaun, HLA ce cactoju on Komnjekca reHa Ha 6. XpOMO30OMYy KOjU KOOPAUHWULIY W
pPeryanwy MMyHU CUCTEM KOoAMpakeM NpoTerMHa Ha nospwunHu hennja. Ctona MHUMAEHUMje
ayToMmyHmux 6onectn pacte NnpuanyHo 6P30 TaKo Aa ce 0Baj TPEHA HE MOXKe NPUNUCATM CaMo
reHeTcKoj npeaucnosnumju Beh cno/bHUM ¢GaKTOPMMAKAo LWTO Cy BUpYycHe WHeKuuje
(peTpoBUpyCcHe, pPOTaBUPYCHE M EHTEPOBUMPYCHE), KOju Mory OuTM OKupgaum bGonectu.
MehycobHe KomyHMKaumje nsmehy wnpokor cnektpa HLA 1 Bupyca cy KOMNMKOBaHe jep je
SARS-CoV-2 HenaBHO yTBphHEeH Kao ayTOMMYHOTreH BUPYC, a ayToMMyHe 601ecTu cy Y BE/INKO]
mepu 3asucHe og HLA anena.

Mpukas cayyaja 1

Pa3Boj nateHTHOr aytoumyHor aujaberteca Kog ogpacaux (tun 1) Kog maagor mywKor
nauuMjeHTa ca NO3UTUBHUM aHTUTeNIMMa Ha GADG65 HakoH uHdeKuuje SARS-CoV-2

Mpeactas/bamo 26-roguiitber MyLIKapua Koju je nnpum/beH Yy YpreHTHW LeHTap ca
XUNEPTIMKEMUJOM U KETO30M TPU Hepesbe HakoH MHoeKuumje SARS-CoV-2. JleyeH je no
NPOTOKO/ly €A WHCYAMHOM U UHPy3njama. Mo oTnycTy my je caBeToBaHO Aa ce Jasbe
ambyNaHTHO KOHTPOJIMLLE M SIeUn KOZ, CBOT U3abpaHor ekapa U A3 HaCTaBM CUMNTOMATCKO
Nneyerse. [ANMjarHOCTUKOBANN CMO aayNTHU NaTEHTHW ayToOMMyHU anjabetec (LADA tun 1).
MaunjeHT je mucnyHmo Kputepujyme 3a LADA ca NO3UTUBHMM pe3ynTaTom, MNPUCYCTBOM
aHTUTENA Ha FYTaMUHCKY KUcenuHy aekapbokcunasy (GAD65) > 2000. Bupyc urpa ynory y
ayTOMMYHOM npouecy Koju usasmea gujabetec tmna 1. JIaT@HTHM aAyNTHU AYTOMMYHM
Anjabetec (LADA) je cnopo nporpecvBaH 06avMK ayToMmyHor gujabetec menutyca Kora
KapaKTepuLle NpUCyCTBO ayToaHTUTeNa Ha H6eTa hennje ocTpBaLa naHkpeaca. MNpekomepHa
Konn4mHa ynane Tokom SARS-CoV-2 nHdekumje nosehaa npomsBoamy ayToaHTUTENA KOja cY
MO A3 NnocTojana npe MHbeKunje anm y HUCKom TUTpy. Haw nauujeHT je BepoBaTHO MMao
aHTUTena Ha GAD65 npe Hero WTO ce 3apasno, aan NOTBpAa Tora Huje 6una moryha jep
TecTupamwe Huje obaB/beHO. HakHAagHO ce nauunjeHTy HOpMaan3oBao HUBO wehepa y Kpsu.
LADA cnopuje Hanpeayje jep ce ¢yHKumja beta henuja nocreneHo rybu, Kao wrto je
npuKasaHo Ha canum 1.
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MpuKas cayyaja 2

Mywku nauujeHT crap 38 rogmHa ca PyHKLUUOHANTHMM XMMNOrOHAAU3MOM KOju je A0BeOo A0
AujarHose uenunjakuje Tokom ayrotpajHor COVID cuHgpoma

MpeactaB/baMo MYLLIKOT NauunjeHTa ctapor 38 roamHa ca nponasHMmM GYHKUMOHAHUM
XUMNOTOHAAOTPOMHUM XMMOTOHAAM3MOM YAPYKEHUM ca uennjakujom. Llenujakuja (UB) je
ayToumyHa b6osnect Koja noraha oKko 1,4% yKynHe Jsbyacke nonynauunje. eHeTcKku
npeaucrnoHMpaHun nauujeHTn mory umatm sehy BepoBaTHONhyY Aa pa3BUjy LENjaknjy HaKoH
nHopeKumje SARS-CoV-2. Kog Hawer nauunjeHTa, BUpycHa MHPEKLM]ja je n3assasa Luenmjakujy
Koja ce maHudectoBana Tokom ayror COVID cuHapoma (NepsucTeEHTHU CUMMITOMU U
AyroTpajHe nocneauue Koje Tpajy Ay»Ke o4 YeTUpu Hepesbe nocne akytHe dase 6onectn).
COVID-19 noacTtunye ,,UMTOKUHCKY ONYjy“ Yy UpPEeBHO] C/ly30KOXKK a pe3yatyjyhe owTehemwe
enutena gosoam o nosehaHe nponyct/busoctn bapujepe, omoryhasajyhu nponas ravaguHa
Yy UpeBHY NlaMWHy. Ynora reHeTcke npegucnosvumje, nocedbHO XymaHOr neykouutapHor
aHTureHa (HLA) DQ2 n DQS8, He cme ce 3aHemapuTu y aktnBaumju T hennjckor ogrosopa Ha
rnyTeHcke nentnge. MexaHM3aM XMNOroHaau3ma Kog Lesnjakuje je myntudaktopujanaH.
Takohe je N03HATO Aa FYTEHCKM NeNnTUAM MMajy aKTUBHOCT C/IMYHY ONMOMAMMa U AoNpUHOCe
XUMNOrOHaAOTPOMHOM XMMOroHaAN3MY (HM3aK HMBO J1X). FNyTeH omeTa eHAOKPUHU CUCTEM U
CHM)KaBa HMBO TeCTOCTepPOHa. [lnjarHo3a uenuvjakmje Kog Hawer nauujeHTa nocTaB/beHa je
NO3UTUBHOM CepoNornMjom (aHTUTeNa NPOTUB TPAHCrAyTamMMHa3e M aHTUEeHAOMM3MjanHa
aHTMTENa) eHOOCKOMCKOM eBajyaumjom M bHuoncmjom. TecTOCTEepOH je HOPManu3oBaH
Neyerbem Uennjaknje (amnjeta 6es rnyteHa).

Stages of type 1 diabetes
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Cnuka 1: Cragmnjymm Tun 1 Anjabetec menutyca (Sims EK et al. Diabetes 71 (4) 610-623,
2022)
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3ak/byyaK: leHeTcka npeaucnosnuuvja tj. reHn xuctokomnatbunHor Komnnekca (HLA,
XYMaHU JIEYKOUUTHM aHTUreH) Koa Halux nauujeHaTta, mory nomohu y objawrberby
NOCTOjakba TOIMKO Pa3NIMYNTUX UMYHUMX OATOBOPaA Ha KOPOHABMpPYC Kog obonene nonynauyuje.
Hekun oAroBopu cy onacHu rno *KMBOT, 40K CEe ApYrn MmaHudecTyjy y BUAy XPOHUYHUX BonecTu.
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THE NEW ONSET OF AUTOIMMUNE ENDOCRINOPATHIES IN ADULTS TRIGGERED BY SARS-
Ccov-2

Vera Popovic Brkic

Professor of Internal Medicine/Endocrinology Medical Faculty, University of Belgrade, Serbia
Academy of Medical Sciences of the Serbian Medical Society, Serbia.

Introduction

In humans, the HLA comprises a complex of genes on the 6th chromosome that coordinate
and regulate the immune systems by encoding cell-surface proteins. The autoimmune disease
incidence rate is growing quite rapidly; this trend cannot only be imputed to genetic
background, environmental factors such as viral infections, namely retrovirus, rotavirus, and
enterovirus infections, can trigger the disease. The cross-talks between the HLAs' vast
repertoire and the virus are complicated since SARS-CoV-2 was recently established as an
auto-immunogenic virus, and autoimmune diseases are heavily HLA allele-dependent.

Casel

Development of latent autoimmune diabetes in adults (Type 1) in a young male patient with
positive GAD65 antibodies post Covid 19 infection

We present a 26 yearold male who presented in emergency department with hyperglycemia
and ketosis three weeks following SARS-CoV-2 infection. He was urgently treated with insulin
and infusions. He was discharged and advised to follow up outpatient with his primary care
provider and continue symptomatic management. We diagnosed latent autoimmune
diabetes in adult (LADA type 1). The patient met the criteria for LADA with a positive result
for glutamic acid decarboxylase antibody 65 (GAD65) > 2000. The virus plays a role in the
autoimmune process causing T1D. Latent autoimmune diabetes in adults (LADA) is a slowly
progressive form of autoimmune diabetes mellitus characterized by the presence of islet beta
cell autoantibodies. Excessive amounts of inflammation during SARS-CoV-2infection boosts
the production of autoantibodies that may have existed prior to the infection at low levels.
Our patient possibly had the GAD65 antibodies before becoming infected, but confirmation
of that is unavailable since the testing was not performed. Subsequently our patient
normalized his blood sugar levels. LADA progresses slower as beta cell function is gradually
lost as shown in Fig 1.

Case 2

A 38 year old male patient with functional hypogonadism which led to diagnosis of celiac
disease during long COVID syndrome
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We present a 38 yar old male patient with transient functional hypogonadotropic
hypogonadism associated with celiac disease. Celiac disease (CD) is an autoimmune disease
affecting around 1.4% of the total human population. Genetically predisposed patients could
be more likely to develop celiac disease following SARS-CoV-2 infection. In our patient viral
infection triggered celiac disease which became manifest during the long COVID syndrome
(persistent symptoms and potential sequelae beyond four weeks from onset) . COVID-19
promotes a "cytokine storm" in the intestinal mucosa: the resulting epithelial damage leads
to increased barrier permeability, allowing the passage of gliadin in the intestinal lamina. The
role of genetic background, especially human leukocyte antigen (HLA) DQ2 and DQS8 should
not be neglected in the activation of T cell response to gluten peptides. The true mechanism
of hypogonadism in celiac disease is multifactorial. Gluten peptides are also known to have
opioid -like activity and contribute to hypogonadotropic hypogonadism ( low LH level). Gluten
interferes with endocrine system and lowers testosterone levels. The diagnosis of celiac
disease in our patient was established with positive serology (anti- transglutaminase
antibodies and anti- endomysial antibody) by endoscopic evaluation and biopsy
Testosterone normalized with celiac disease management (gluten free diet).

Stages of type 1 diabetes
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Figure 1: Stages of Type 1 Diabetes Mellitus (Sims EK et al. Diabetes 71 (4) 610-623 , 2022)

Conclusion: The genetic background, namely, the associated major histocompatiblility
complex genes -the HLA (Human Leucocyte Antigen) in our patients may help explain the
different immune responses to coronavirus across a population. Some responses are life
threatening while others more chronic.
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Y NTABUPUHTY SARS-CoV-2: XMNMOPU3A U TUPEOUAEA
CaHgpa Mekuh byphesuh 12

I KnuHuka 30 eHOoKpuHonoaujy, dujabemec u 6onecmu memabonusma YKLIC Beo2pad
2 MeduuyuHcKu pakynmem, YHusepaumem y beozpady, Cpbuja.

Mopep pecnupatopHor cuctema, supyc SARS-CoV-2 nokasyje nspa*keHu Tponunsam 1 npema
eHAoKpuHom cuctemy. Kog naumjeHata ca KOBUA-19 onmcaHm cy 6pojHn nopemehajm y
GYHKLUMjM XMNoTanamyc-xMnodusHUX OCOBWMHA, LITUTHE Xnesae, HaabybpexkHe rknesge,
roHage v naHkpeaca (1). NMpu Tome, mehycobHu ogHoc SARS-CoV-2 nHdekumje n eHaoKpUHor
CUCTEMA je OBOCMEpaH: BMPYCHa eHAOKpMHOMaTWja mMoXKe Aa noropwa Beh noctojehy
€HZOKPUHOMATMjy MAW Aa M3a30Be HoBe eHOOoKpuHe nopemehaje, Kao wWTo n 6pojHe
€HAOKPUHOJoLLKe 6osiecT mory noropiuaTti nporiosy KOBU/-19.

MHOrM eHOO0KPUHM OpraHu (NaHKpeac, TecTuc, oBapujym, HanbybperkHa nesaa, xunodusa,
TMpeonaea) eKCnpuMnpajy peLenTop 3a OBaj BUPYC (peLenTtop 3a eH3UMM Koju KOHBepTyje
aHrnoteHsuH-2, ALLE-2). MaTodM3MONOWKM MEXaHU3IMM HaCTaHKa eHAOoKpuHonatuje (y
doKycy cy xunotanamo-xunodpusHa 0CoBMHa 1 TMpeongea) cy AMPEKTHO BUPYCHO owTeherse,
cucTemMcka MH@Namaumja, XMMNOKCUjCKM CTPeC, XWUnepKoarynabunHoct u  aucdyHKumja
eHgoTena. Hekn of, oBUX MexaHW3amMa AyroTpajHo Tpajy (xunepuHdnamaumje) gosoaehn ao
nato$uM3nonoLlwKmx nopemehaja Koju mory aa Tpajy U Ayro HaKoH nosnadera MHdeKumje.
MHorm nponHpnamaTopHU UNTOKMHK (IL-6, IL-1B, TNF-a) Koju AonpuHOCE TEXKUHM aKyTHOT
pecnupaTopHOr AUCTPec CUMHAPOMA W MYNTUOPFAHCKO] MHCyduuMjeHumju, Takohe mory
MHXMBMPATU XMNoTaNaMyc-XxMNodusHy ¢yHKUMjy, Hapywasajyhu ¢usmnonowky cekpeuujy
XOPMOHa N MexaHW3Me nospaTHe cripere.

MHdekumnja SARS-CoV-2 npeactaBba M GaKTOp pU3MKa 33 NojaBy xMnodpusHe anonneKkcuje,
peTke KOMMNNKaumje Koja ce KapaKkTepuile XxeMoparnmjom unm ncxemmnjom xmnoduse, sgpase
WKW ca eKcnaH3MBHOM ne3njom (Tymop xunoduse, PatkeoBa umcra...) (camka 1) (2). Nopes
anonnekcunje xunoduse, oNUCAHU Cy U aKyTHU XMNODU3INTUC (CNIMKa 2), XMMONUTYUTapmn3am
Pa3NNuUTOr CTEMNEHA, Kao M nopemehaj cekpeLmje aHTUAMYPETCKOr XOPMOHa (HegocTaTak uam
HEroBa HeaZleKBaTHa NPEKOMEpPHa CekpeLuja).

lNoKas3aHo je Takohe 4a je NpuMeHa FYKOKOPTUMKOMAA TOKOM akyTHe ¢ase SARS-CoV-2
nHbeKUMje ycnopasana KIMPEHC BUPYCHMX MAapTUKyAa NpoayrKasajyhm kUxoBo NpuUcycTBo y
UMpKynaumjm mn noactmyyhm Tako HeypoTponmMsam OBOr BMpyca Npema Xunopusu u
HaabybpeXHMM Xnes3gama, ca NnocneanyHom AnCcPyHKUMjOM 1 NOjaBOM XMNONUTYUTApU3MA
n/vumje agpeHanHe nHcyduumnjeHumje.

Tupeongea Takohe ekcnpumunpa peuentopa 3a ALLE-2, Tako ga cy Tokom u HakoH KOBN/-19
MHPeKLMje oNUCaHU N Pas3anNYnTM obanumn TupeongHe auchyHKumje, yrbyuyjyhn cybakyTHU
TMPEOUANTUC U TUpeomgHe ayToumyHe bHonectn ycnep nopemehaja perynaumje mmyHor
cuctema U peHomeHa MosekyNapHe MUMUKpUje. OnncaHa je M TPaH3UTOPHA MHXMbULMja
XMNOTANIAMO-XMNOPU30-TUPEOMAHE OCOBMHE, Kao M NpomeHe nepudepHe aAejoanHauuje
TUPEOUAHUX XOPMOHA, Ca NOC/IEAUYHUM CMatbEeHEM KOHUEeHTpauuje TSH n FT3.
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Cnuka 1. X, 67r: anonnekuuvja HedyHKUWUjCKOr MaKpoageHoma xunoduse 19-tor gaHa
KOBUA-19 nudekuuje

Cnuka 2. X, 17r: xunodpumsuntuc 3 Heaesbe HakoH KOBU-19 nHpekumje

AyrotpajHn KOBU/ je HOBM cMHAPOM Yy HacCTajaky 3a KOju je No3HaTO Aa 3Ha4yajHOo HapyLwasa
KBa/NMTET }KMBOTA NaumjeHaTa. Matopusmnonorunja ayrutpajHor KOBU/ -a je jow yBeK y BEIMKO]
Mepu HenosHarta. [NpeanoXKeHo je BULe MexaHM3ama Koju 61 61Mnm y oCHOBM Herose nojase,
YK/bYy4Yyjyhn npomeHe y xunoTanamo-xvnodpmsHMM ocoBuMHama. Hajsuwe je mcnutmeaHa
XnnoTanamyc-xmnopumsHo-agpeHasiHa OCOBMHA jep je NpuKasaHo Aa Kog naumjeHaTa ca
ayrotpajHum KOBWUO-om mory noctojatv 6aarM M CyOKAMHUYKM 0OAMUM  LEeHTpasHe
agpeHanHe uHcydpuumjeHumje (3). Mano nogataka MmMa O LEHTPaAsHOM XWMNOroHagu3Mmy,
LEHTPA/IHOM XUNOTUPOMAM3MY M HEAOCTAaTKy XOPMOHa pacta. XuMnoTanamo-xunoduso-
TUPEOUAHA OCOBMHA je Yr1aBHOM O4YyBaHa Ko nauujeHaTa HakoH SARS-CoV-2 nHoekuuje.
Kog naumjeHaTa ca CHMMKEHWMM MAM HUCKO HOPManHMM 6asasHMM KOHUEeHTpauujama
XOpMOHa, NOoTpebHO je pasMoTPUTU AMHAMCKe TecToBe. Y CayyajeBMMa AOKasaHor
napumrjasHoOr UM KOMMNAETHOr XMNONUTYMTapu3ma, Boan ce oarosapajyha cynctutyumoHa
Tepanuja Koja 3HayajHO yMmakbyje Terobe nauujeHTa.

JNntepatypa:

1. Guarienti FA, Gongalves JIB, Gongalves JB, Antonio Costa Xavier F, Marinowic D, et al.
COVID-19: a multi-organ perspective. Front Cell Infect Microbiol 2024; 14:1425547.

2. Hazzi C, Villemure-Poliquin N, Nadeau S, Champagne PO. SARS-CoV2 infection, a risk factor
for pituitary apoplexy? A case series and literature review. Ear, Nose & Throat J, 2024;
103:1535-161S.

3. Di Filippo L, Franzese V, Santoro S, Doga M, Giustina A. Long COVID and pituitary
dysfunctions: a bidirectional relationship? Pituitary, 2024; 27:955-69.
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SARS-CoV-2 AND THE ENDOCRINE MAZE: FOCUS ON THE PITUITARY AND THYROID

Prof dr Sandra Peki¢ Purdevi¢ 12

1 Clinic for Endocrinology, Diabetes and Diseases of Metabolism, University Clinical Center,
Belgrade, Serbia
2 School of Medicine, University of Belgrade, Serbia

In addition to the respiratory system, the SARS-CoV-2 virus exhibits significant tropism toward
the endocrine system. Numerous dysfunctions have been described in patients with COVID-
19 affecting the hypothalamic-pituitary axes, thyroid gland, adrenal glands, gonads, and
pancreas (1). The relationship between SARS-CoV-2 infection and the endocrine system is
bidirectional: viral infection can worsen pre-existing endocrinopathies or trigger new
endocrine disorders, while various endocrine diseases can, in turn, worsen the prognosis of
COVID-19.

Many endocrine organs (pancreas, testis, ovary, adrenal gland, pituitary, thyroid) express the
receptor for this virus (angiotensin-converting enzyme 2 receptor). The pathophysiological
mechanisms behind the development of endocrinopathies (with focus on the hypothalamic-
pituitary axis and the thyroid) include direct viral damage, systemic inflammation, hypoxic
stress, hypercoagulability, and endothelial dysfunction. Some of these mechanisms are long-
lasting (e.g., hyperinflammation), leading to disturbances that may persist long after the
resolution of the infection. Many pro-inflammatory cytokines (IL-6, IL-1B, TNF-a), which
contribute to the severity of acute respiratory distress syndrome and multiorgan failure, can
also inhibit hypothalamic-pituitary function, disrupting normal hormone secretion and
feedback mechanisms.

SARS-CoV-2 infection is also a risk factor for pituitary apoplexy, a rare complication
characterized by hemorrhage or ischemia of the pituitary gland—either healthy or affected
by an expansive lesion (e.g., pituitary tumor, Rathke's cleft cyst) (Figure 1) (2). In addition to
pituitary apoplexy, cases of acute hypophysitis (Figure 2), varying degrees of hypopituitarism,
and disorders of antidiuretic hormone secretion (either deficiency or inappropriate excess)
have been reported.

It has also been shown that the administration of glucocorticoids during the acute phase of
SARS CoV2 infection slowed the clearance of viral particles, prolonging their presence in the
circulation and thus promoting the neurotropism of this virus towards the pituitary and
adrenal glands, with consequent dysfunction and the occurrence of hypopituitarism and/or
adrenal insufficiency.

The thyroid gland also expresses ACE2 receptors, and various forms of thyroid dysfunction
have been described during and after COVID-19 infection, including subacute thyroiditis and
autoimmune thyroid diseases, due to dysregulation of the immune system and molecular
mimicry phenomena. Transient inhibition of the hypothalamic-pituitary-thyroid axis and
alterations in peripheral deiodination of thyroid hormones have also been observed, resulting
in decreased TSH and FT3 concentrations.
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Figure 1. F, 67y: apoplexy of nonfunctional pituitary macroadenoma on 19t day of COVID-19
infection

Figure 2. F, 17y: hypophysitis 3 weeks after COVID-19 infection

Long COVID is an emerging syndrome known to significantly impair patients' quality of life. Its
pathophysiology remains largely unclear. Several mechanisms have been proposed, including
alterations in hypothalamic-pituitary axes. The hypothalamic-pituitary-adrenal (HPA) axis has
been the most studied, with evidence suggesting that patients with Long COVID may exhibit
mild and subclinical forms of central adrenal insufficiency (3). There is limited data on central
hypogonadism, central hypothyroidism, and growth hormone deficiency. The hypothalamic-
pituitary-thyroid axis appears to remain largely intact in patients after COVID-19 infection. In
patients with low or low-normal baseline hormone concentrations, dynamic testing should
be considered. In cases of confirmed partial or complete hypopituitarism, appropriate
replacement therapy is initiated, significantly alleviating the patient’s symptoms.

References:
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COVID-19: a multi-organ perspective. Front Cell Infect Microbiol. 2024; 14:1425547.

2. Hazzi C, Villemure-Poliquin N, Nadeau S, Champagne PO. SARS-CoV?2 infection, a risk factor
for pituitary apoplexy? A case series and literature review. Ear, Nose & Throat J, 2024;
103:1535-161S.
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COVID-19 n MIASTENIJA GRAVIS
CnobogaH Anoctonckun, CnahaHa KHexkeBuh-AnocTonckm
Cneyujanucmuyka opduHayuja 3a Heyponoeaujy ,,A[NTOCTOJICKN*, Beoepad, Cpbuja.

MwacTteHnja rpasuc (MI) je opraH cneunduryHa ayToMmyHcka 6onect nocpegoBaHa
aHTUTENIMMA NPOTMB aHTUIEeHa NOCTCMHANTUYKe MembpaHe HeypomuwmnhHe cnojHuue. Y3pokK
6onectn HMje NoO3HAT aNn HUje HeobuyaH noyeTak nocne mssBecHux MHdekumja. bonect ce
H6MTHO NoropLuaBa M YeCTO KOMMJIMKYje pecnMpPaToOPHOM UHCYDULMjEHLMOM Y TOKY BUPYCHUX
nHdekumja. MocToje n3BeLTaju Aa ce cTona mopTanmTeTa 3HavyajHo nosehasa y 6osecHuKa ca
MMaCTEHUYKOM Kpu3oM ycnea uHdekumje SARS-Cov-2 Bupycom. L osor paga je 6uo aa ce
nucnutajy ytmuaj u nocneamue mHoekumnje SARS-Cov-2 BMpycom Koa nonynaumje Hawmx
6onecHuKa ca M.

Y Hawoj opanHaumju je npaheHo 172 6onecHmka ca Ml y nepuoay op jaHyapa 2020. go
asrycta 2021. roguHe u U3BPLUEHA je PETPOCNEKTMBHA aHa/aM3a KAMHUYKOr TOKa Koa 30
6onecHnKa nHdunumpaHux snpycom SARS-Cov-2.

Tpuaecet on, 172 6onecHuka ca MT (17,5%) je oboneno on KOBU/-19. YuecTtanocT je 6una
jeAHaka y ogHocy Ha non - 15 »KeHa npoceyHe ctapocti 40,6 u 15 mylwKapaua npoceyHe
cTapocti 55 rogmHa. Cpepgrba AyXuHa Tpajarba MT je usHocuna 6 roanHa (1,5 — 8). 1sagecer
b6onecHnKa je umano reHepanmsoBaHy ¢opmy MI (10 6onecHuka ca dopmom IIB 1 10 ca
dopmom IIA npema MGFA knacudpukaumjun). MNpeoctannx pecer H6osecHUKa je UmMano
okynapHy Ml (MGFA 1). Kop 27 (30%) 6onecHuKa cy JeTeKToBaHa aHTUTeNa Ha
auetmnxonmHcku peuentop (AChR) (ceponosntmeHa MI) a Kog Tpy 601eCHUKA Ca OKY/TapHOM
Ml Hucy aeTeKkToBaHa aHTUTena Ha AChR HUTM Ha muwKhHO cneuMdUYHy TMPO3UH KMHa3Y
(MuSK). PeructpoBaHe cy yapyeHe 6onectu: apTepujcka xunepteHsuvja (7 6onecHuKa),
xunotupeosa (3), guabetec menutyc (1), cepono3nTUBHU peymaTongHu apTputmuc (1),
CjorpeHoB cuHApom (1), napknuHcoHM3am (1) u aHemumja (1). TumeKTOMMja je y Tepanujcke
CBpXe cnpoBegeHa y 16 bonecHuKa, ABoje o4 WX Cy MUManu Tymop Tumyca, Tumom (61, Ab
TMn). Y nepuoay perncrposaHe nHeoekunje ca SARS-Cov-2 supycom 11 60necHuKa je yammano
NPeAHUCOHCKY MMyHOCynpecuBHY Tepanujy (20-40mr), 4 6onecHuUKa cy y3Mmana a3aTMOonpuH
(100-150mr), 8 bonecHMKa KOMBMHaLUMjy NpeaHUCOHA W a3aTUONpPUHA, jeaaH 6oNecHuK je
neyeH KOMBUHAUMjOM CMKNOCNOPUHA N NPeaHUCOHA, jeAaH KOMBUHALMjUM MeToTpeKcaTa U
npeaHncoHa a 5 6onecHMKa HUje 6UNO NOA UMYHOCYNPECMBHOM TEpannjom. ACMMNTOMATCKK
0611k KOBUA-19 je nmano 6 (20%) 6onecHuKka (3 MG IIA u 3 MG 1) n cBu cy 6mnm nop,
KOHTMHYMPaHOM MMyocCynpecujom ca npegHucoHom. bnarm o6ank KOBUL -19 ca noBuweHom
TEMNEPATYPOM, Kall/beM U MUANTUjOM je mano 16 (53%) bonecHuKa og, Kojux je neT umano
aHocmujy. Cepam bHonecHuKa (23%) je xocnuTanHoO nevyeHo 360r NHeEyMOHMje  ca
OKUMUreHaumjoMm nyTem HasanHe KaHune a 6e3 acuctmaHe BeHTunauuje (Tabena 1). Ceu
HaBeAeHM 6onecHMUM cy NpUManu NPeaHUCOH U HUCY MManK 3HaKe noropwarba MI. JeaaH
6onecHUK ca Tewkom popmom MT IIB yapyxeHom ca TUMOMOM U 1 aAnjabeTecom je passBmo
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MMWACTEHUYKY PECnMPaTOpPHY Kpu3y Te je MHTYOUpaH U MMao je acucTUpaHy BEHTUAAUM]Y.

bonecHuk je neyeH pecet AaHa Yy jeANHULN UHTEH3MBHE Here NPMMEHOM aHTUOWOTMKA,

KOPTUKOCTEpPOMAA, WHTPABEHCKUX MMYHII0OYy/MHA M MBEPMEKTMHA ca OMopaBKOM A0

ycrnocTaB/batba CMOHTAHOr AUCakba U KANMHWUYKOT ctagmjyma |IB. Yetpu (13%) 6onecHuka je

MCNO/bMNO CUMMTOME NMOCTKOBUA, CUHAPOMA ca BpaguKapAnjoM, TaXMKapANjOM, XPOHUYHUM

3aMOpPOM U pe3ngyanHoOM aHOCMUjOM.

Y 3ak/byuky, y nonynaumju 30 6onecHunka ca Ml n KOBUA-19 Huje 6uno cmpTHOr ucxoaa. Y

camo jeaHor bonecHuKa (3,3%) ca Ml o6onenor oa KOBUA-19 je 6110 HEONXOAHO fieyere y

jeANHULUMN NHTE3UBHE Hera Ca aCUCTUPAHOM BEHTUIALMMM Y3 ONopaBak. YMepeHa KNMHUYKA

cnvka KOBMA-19 ca xocnuTanvsaumjoM Koja je pernctpoBaHa je y 23.3% 6onecHuKa, u

acMmnToMaTcku u 6narm obamum KOBUA-19 kog 22 (73.3%) 6GonecHuka mory 6uTtn

0bjallitb€HN KOHTMHYMPAHOM MMYHOCYMNPECUjom MNpe U y TOKy UHPeKuunje u yjeaHo 6e3

3HaKoBa noropuwatrba Mrl (Tabena 1).

Tabena 1. Knunuuke popme KOBNI-19 y Hawwmx 6onecHuKa

KnuHuuke popme KOBNA-19 Ucestalost

ACMMNTOMATCKMN 0611LM 6 (20%)

Bnaru 061mum (Temnepatypa, Kallasb, MUanrmja) 16 (53,4%)

MHeymoHMja (xocnutanmsaumja u oKcureHauuja) 7 (23,3%)

MwuacTeHnYKa Kpusa (acucTnpaHa BeH3umnaymja) 1(3,3%)
Nutepartypa:
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Behav 2022 Dec; 12 (12):e2789.

3. Peri¢S, Rankovié¢ M, Bozovic¢ I, Radosavljevié¢ V, Marjanovic |, Basta I, et al. COVID-19

infection and vaccination against SARS-Cov-2 in myasthenia gravis. Acta Neurol Belg

2023 April; 123 (2):529-36.
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COVID-19 AND MYASTHENIA GRAVIS
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Specialist practice for neurology "APOSTOLSKI", Belgrade, Serbia.

Myasthenia gravis (MG) is an organ-specific autoimmune disease mediated by antibodies
against antigens of the postsynaptic membrane of the neuromuscular junction. The cause of
the disease is unknown, but it is not unusual to start after certain infections. The disease
significantly worsens and is often complicated by respiratory insufficiency during viral
infections. There are reports that the mortality rate has increased significantly in patients with
myasthenic crisis due to infection with the SARS-Cov-2 virus. The aim of this work was to
examine the impact and consequences of infection with the SARS-CoV-2 virus in our
population of patients with MG.

In our practice, 172 patients with MG were monitored in the period from January 2020 to
August 2021, and a retrospective analysis of the clinical course was performed in 30 patients
infected with the SARS-CoV-2 virus.

Thirty out of 172 patients with MG (17.5%) suffered from Covid-19. The frequency was equal
in relation to gender, 15 women with an average age of 40.6 and 15 men with an average age
of 55 years. The mean duration of MG was 6 years (1.5 - 8). Twenty patients had a generalized
form of MG (10 patients with form [IB and 10 with form IIA according to the MGFA
classification). The remaining ten patients had ocular MG (MGFA 1). Antibodies to
acetylcholine receptor (AChR) (seropositive MG) were detected in 27 (30%) patients, and no
antibodies to AChR or muscle-specific tyrosine kinase (MuSK) were detected in three patients
with ocular MG. Associated diseases were registered: arterial hypertension (7 patients),
hypothyroidism (3), diabetes mellitus (1), seropositive rheumatoid arthritis (1), Sjogren's
syndrome (1), parkinsonism (1) and anemia (1). Thymectomy was performed for therapeutic
purposes in 16 patients, two of whom had a thymus tumor, thymoma (B1, AB type). During
the period of registered infection with the SARS-CoV-2 virus, 11 patients took prednisone
immunosuppressive therapy (20-40mg), 4 patients took azathioprine (100-150mg), 8 patients
a combination of prednisone and azathioprine, one patient was treated with a combination
of cyclosporine and prednisone, one with a combination of methotrexate and prednisone,
and 5 patients were not under immunosuppressive therapy. Asymptomatic form of COVID-19
was present in 6 (20%) patients (3 MG IIA and 3 MG 1) and all were under continuous
immunosuppression with prednisone. 16 (53%) patients had a mild form of COVID-19 with
fever, cough and myalgia, five of whom had anosmia. Seven patients (23%) were hospitalized
for pneumonia with oxygenation through a nasal cannula and no assisted ventilation. All the
mentioned patients received prednisone and had no signs of worsening MG. One patient with
a severe form of MG IIB associated with thymoma and diabetes developed a myasthenic
respiratory crisis and was intubated and had assisted ventilation. The patient was treated for
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ten days in the intensive care unit with the use of antibiotics, corticosteroids, intravenous
immunoglobulins and ivermectin with recovery until the establishment of spontaneous
breathing and clinical stage IIB. Four (13%) patients showed symptoms of post-Covid
syndrome with bradycardia, tachycardia, chronic fatigue and residual anosmia.

In conclusion, there were no deaths in the population of 30 patients with MG and Covid-19.
In only one patient (3.3%) with MG suffering from Covid-19, treatment in the intensive care
unit with assisted ventilation with recovery was necessary. Moderate clinical picture of Covid-
19 with hospitalization in 23.3% of patients, and asymptomatic and mild forms of Covid-19 in
22 (73.3%) patients can be explained by continuous immunosuppression before and during
the infection and at the same time without signs of worsening MG (Table 1).

Table 1. Clinical forms of COVID-19 in our patients

Clinical form of Covid-19 Frequency

Aynptomatic forms 6 (20%)

Mild forms (temp, cough, myalgia) 16 (53,4%)

Pneumonia (hospitalization and oxygenation) 7 (23,3%)

Myasthenic crisis (assisted ventilation) 1(3,3%)
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AYITOTPAJHU KOBMA, NOCT-UHPEKTUBHU CUHAPOMMU, CUHKONA U
ANCAYTOHOMMWIJA: HEYPOKAPAUONOLLKHN NPUCTYN

Bpanucnas MunosaHosuh®?, Hukona Mapkosuh?, Mawa MNetposuh?, Backo Xyruh?,
MwunujaHa Octojuh!, MunosaH Bojuh?

IMHcmumym 3a kapduosackynapHe 6onecmu ,[edurse”, beozpad, Cpbuja
’MeduyuHcku pakyamem, YHueep3sumem y beozpady, beozpad, Cpbuja

YBogp:

OncoyHKumMja ayToHOMHOr HepBHor cuctema (AHC) je ueHTpasHa KapaKTepucTMKa Kog,
naumjeHaTa Koju ce jaB/bajy Ca PeKYPEHTHOM CMHKOMNOM, OPTOCTAaTCKOM XxunoTeH3njom (OX) u
CMHAPOMOM XpoHU4YHOr ymopa (CXY), nocebHo HakoH MHdeKuuja Kao wTto cy SARS-CoV-2,
EnwTajH-Bapos Bupyc (EBB), Kokcakusupyc nnu bopenmnje bypraopdepu.

MeTtope v pesynrtatu:

AHanun3npanm CMo YeTUpKU KIMHUYKE KOXopTe Koje cy obyxsaTase yKynHo 2.079 ocoba:
KoxopTta 1 (N=806): NauujeHT ca HeobjawrbuBom cuHkonom u/mam OX. Head up titl test
(HUTT) 6u1o je nosutusaH koa 90,6% naumjeHaTa ca cuHKonom u OX, n Kopa 61,6% oHux ca
n3onoBaHoM cuHKonom (p<0,001). YecTo cy AeTeKktoBaHa aHTUTEeNa U3 IgM Knace Ha EBB u
eHTepoBupyce. AHTUTEeNa IgM Knace 3a Bopenunjy 6yproopdepn cy npoHaheHa kop 24,1%
naunjeHarta ca nsonosaHom OH.

KoxopTa 2 (N=440): Ocobe ca peKypeHTHOM cuHKonom u CXY (HakoH nocT-KOBW/-a nnu ca
NoAMYKAUM noyeTkom). OceT/buBOCT BapopedaeKkca, BapnjabunHOCT cpuaHe ppekBeHumje-
BC® (y nutepatypn HRV ogp eHrn. Heart rate variability) u optocTtatcka TonepaHumja cy
3HaYajHO cmakbeHe y nopeherby ca KOHTPONIHOM FPYMNOM, Ca U3PAXKEHNjOM ANCDYHKLMjOM Y
noct-KOBW/[ cnyyajeBuma (p<0,05).

KoxopTa 3 (N=758): MaumnjeHTn ca gayrum KOBU-om, nocT-KOBNL, CXY, CXY 6e3 KOBNA-a n
KacHoMm ¢a3om Jlajmcke 6onectn. Fpyna ca Jlajmckom 6onewhy nokasana je Hajsehy
npesaneHunjy OH (53,4%) n poOKase O MOBULIEHOj CMMNATUYKOj aKTUBHOCTU (CMarbeHO
nojayarbe 6apopednekca). Moarpyne ca CXY nokasane cy CHUXKEH NAPACUMNATUYKM TOHYC U
namemreHe obpacue BCO.

Koxopta 4 (N=75): MauujeHTn y paHoj ¢dasm KOBUA-19 (45 Ttewkux, 30 6narnx dopmu
6onectn). AncdyHrumja AHC-a je npumeheHa y 51,5% Tewkux n 78,0% 6narux cnyyajesa. OX
ce jasuna y 25% Tewknx n 46,3% 6narux cnydajesa (ykynHo 33%), y nopehemy ca 2,6% Kop,
KOHTposiHe rpyne (p=0,001). Ocet/buBocT bapopedneKca je buna 3Ha4ajHO CMakbEHa.
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3aK/by4ak:

AncdyHkumja AHC-a — Kojy KapaKTepuluy opTocTaTcKa MHTONepaHLUMja, CMHKoNa, owTteheHa
b6apopednekcHa pyHKUMja, AyKTyaunje KpBHOTr NpUTUCKA M abHopmanHocTn XPB-a — je
yobuyajeHa naTtodM3mMo/iOWIKa KapaKTepuctuka Kog nocT-KOBUMA cuHapoma, Jlajmcke
bonectm M cMHAPOMA XpPOHWMYHOr ymopa. CeposiowKM [AoKasm WHoekumje (EMNB,
eHTepoBupycu, bopenuje) cy 4ecTn 1 3axTeBajy fasba UCTPAXKMBAHbA.

Syncope
p=0.027
No positive IgM -
Antibodies =
Positive IgM antibodies E 72
for one microorganism
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Cnuka 1: MosuTMBHA aHTUTeNa y IgM Knacu Kog naumjeHata ca CMHKonom (rope neso);
pa3nnka nsmehy BpeaHOCTM AMjaCTONHOT KPBHOT NPUTMCKA TOKOM TeCTa Harkbakba rnaBe Koj,
naumjeHaTa ca CMHAPOMOM XpoHMYHOr ymopa (CXY) n CXY HakoH KOBW[-a (rope gecHo);
pas3nnunTM obpacum npomeHa BapujabuaHOCTU cpyaHe GpeKBeHLMje TOKOM TeCTa Harnkbakba
rnaBe Kof nauuvjeHaTta ca Jlajmckom 6onewhy (gone).: BCO obpacum tokom HUTT-a Kog
naumjeHata ca Jlajmckom 6onewhy.

Nnutepatypa:

1. Milovanovic B, Markovic N, Petrovic M, Zugic V, Ostojic M, Rankovic-Nicic L, et al.
Assessment of Autonomic Nervous System Function in Patients with Chronic Fatigue
Syndrome and Post-COVID-19 Syndrome Presenting with Recurrent Syncope. J Clin Med
2025; 14:811.

2. Milovanovic B, Markovic N, Petrovic M, Zugic V, Ostojic M, Dragicevic-Antonic M, et al. A
New Approach to the Etiology of Syncope: Infection as a Cause. Viruses 2025; 17:427.

3. Milovanovic B, Markovic N, Petrovic M, Zugic V, Ostojic M, Bojic M. Cross-Sectional Study
Evaluating the Role of Autonomic Nervous System Functional Diagnostics in Differentiating
Post-Infectious Syndromes: Post-COVID Syndrome, Chronic Fatigue Syndrome, and Lyme
Disease. Biomedicines 2025, 13, 356. https://doi.org/10.3390/biomedicines13020356
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LONG COVID, POST-INFECTIOUS SYNDROMES, SYNCOPE AND DYSAUTONOMIA: A
NEUROCARDIOLOGICAL APPROACH

Branislav Milovanovic?, Nikola Markovic!, Masa Petrovic?, Vasko Zugic!, Milijana Ostojic?,
Milovan Bojic!?

I — Institute for Cardiovascular Diseases ,,Dedinje”, Belgrade, Serbia
2 —School of Medicine, University of Belgrade, Belgrade, Serbia

Background:
Autonomic nervous system (ANS) dysfunction is a core feature in patients with recurrent
syncope, orthostatic hypotension (OH), and chronic fatigue syndromes (CFS), especially
following infections like SARS-CoV-2, Epstein—Barr virus, Coxsackievirus, or Borrelia
burgdorferi.

Methods and Results: We analyzed four clinical cohorts totaling 2,079 individuals.

1. Cohort 1 (N=806) — Patients with unexplained syncope and/or OH. Head-up tilt testing
(HUTT) was positive in 90.6 % of those with both syncope and OH, and 61.6 % with isolated
syncope (p < 0.001). IgM antibodies for Epstein—Barr virus and enteroviruses were frequently
detected. Borrelia burgdorferi IgM appeared in 24.1 % of patients with isolated OH.

2. Cohort 2 (N=440) - Individuals with recurrent syncope and CFS (post-COVID or with
insidious onset). Baroreflex sensitivity, heart rate variability (HRV), and orthostatic tolerance
were significantly impaired compared to controls, with more severe dysfunction in post-
COVIDcases(p < 0.05).

3. Cohort 3 (N=758) — Includes patients with long COVID, post-COVID CFS, CFS unrelated to
COVID, and late-stage Lyme disease. The Lyme group exhibited the highest OH prevalence
(53.4 %) and signs of sympathetic predominance (reduced baroreflex gain). CFS groups
showed parasympathetic withdrawal and altered HRV parameters.

4. Cohort 4 (N=75) — Early-phase COVID-19 patients (45 severe, 30 mild). ANS dysfunction was
found in 51.5 % of severe and 78.0 % of mild cases. OH occurred in 25 % of severe and 46.3 %
of mild cases (overall 33 %) versus 2.6 % in controls (p = 0.001). Baroreflex sensitivity was
significantly reduced.

Conclusion:

ANS dysfunction—characterized by orthostatic intolerance, syncope, impaired baroreflex
function, blood pressure fluctuations, and HRV abnormalities—is a common
pathophysiological feature in post-COVID syndrome, Lyme disease, and CFS. Serological
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evidence of infection (EBV, enteroviruses, Borrelia) was frequently observed and warrants
further investigation.

Syncope
82
p=0.027
m No positive IgM Ly
Antibodies =
-]
Positive IgM antibodies B8 72
for one microorganism
® Positive IgM antibodies
for two microorganisms 67
m Positive IgM antibodies
for three microorganisms 62
supine passive phase
—CFS === CF S caused by Post COVID syndrome

Figure 1. Positive IgM antibodies in patients with Syncope (upper left); difference between
values of diastolic blood pressure during Head up tilt test between patients with CFS and CFS
after COVID (upper right); different patterns of change Heart Rate Variability during Head up
tilt test | patients with Lyme disease (bottom).

References:

1. Milovanovic B, Markovic N, Petrovic M, Zugic V, Ostojic M, Rankovic-Nicic L, et al.
Assessment of Autonomic Nervous System Function in Patients with Chronic Fatigue
Syndrome and Post-COVID-19 Syndrome Presenting with Recurrent Syncope. J Clin Med
2025; 14:811.

2. Milovanovic B, Markovic N, Petrovic M, Zugic V, Ostojic M, Dragicevic-Antonic M, et al. A
New Approach to the Etiology of Syncope: Infection as a Cause. Viruses 2025; 17:427.

3. Milovanovic B, Markovic N, Petrovic M, Zugic V, Ostojic M, Bojic M. Cross-Sectional Study
Evaluating the Role of Autonomic Nervous System Functional Diagnostics in Differentiating
Post-Infectious Syndromes: Post-COVID Syndrome, Chronic Fatigue Syndrome, and Lyme
Disease. Biomedicines 2025, 13, 356. https://doi.org/10.3390/biomedicines13020356

35


https://doi.org/10.3390/biomedicines13020356

KAPAUWOBACKYJIAPHE MAHU®ECTALUUIE Y AYTOTPAJHOM-KOBUAY
lopagaHa KpsbaHal

MeduuyuHcku pakynmem YHusep3zumema y beoepady, KnuHuka 3a kapouonoeaujy,
YHusep3umemcku KauHu4ku Llenmap Cpbuje, beozpad.

Y NpeTxo4HMM WUCTPa*KMBabMMa MPUKA3aHO je O3 LWKMPOK CrNeKTap cUMmMATOMa nocne
npetxogHo npenexxaHor KOBUA-19 Huje yBeK y CKnagy ca 3HauMma KapAMOBaCKynapHe
ancoyHkumje wmam owTteherwwa MMoOKapaa. KapauouackynapHe MaHudecTaumje TOKOM
ayrotpajHor KOBU-a cymupane cy Cankom 1. KnuHuyKa cnmka 6onecHuKa, nabopaTtopujcke
M TEeHOTUNCKe aHanu3e, Kao W aHanu3a Hanasa [AobujeHUX WMMWUUUMHT  MeToAama
exoKapgmorpadumjom M MarHeTHOM pe3oHaHLOM (KapAujanHa marHeTHa pes3oHaHua-KMP)
mory 61T o4 BeNINKe BaXKHOCTH.

Crstrrrestin » mowsrnse npesiies Caxropet permen
Jramen ¢ [peroma cprens mcrisnageaags
Manentugne

[lperwaa nesesupna Sanect cpus
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Cnuka 1. KapauoBackynapHe MaHudecTaumje TOKOM AyroTpajHor KoBnaa

Y Hawem uctpaknsamry obyxsaheHo je 176 6onecHuMKa ca npeTxogHom nHdpekuymjom KOBUN -
19. Cpeatba KuMBOTHa 406 je 6una 55,9+12,3 rogmHa, 58,5% cy 6une ocobe mywKkor nona,
84,7% cy 6bune npeTxogHO XocnuTanu3oBaHW U 1,7% Ha MexaHW4YKoj BeHTMnauuju. Csu
bonecHMUM Cy [0Na3UAN Y Kapauonowky ambynaHty 1-14 meceum nocne npenerkaHe
b6onectu (6,2 + 2,7 meceum).

Kputepmjymun 3a yk/byumBarbe 60necHMKa BUAN Cy Nep3ncTeHUMja CMMNTOMA Kao LWTO Cy
HeTo/iepaHUuMja Ha Hanop M/MamM ymop, U OTeXaHO AucCakbe Koje HMje 0bjallHeHO Kojom
Apyrom 6onewhy, ctapoct >18 rogmnHa. Kputepmjymn 3a gujarHoctuky noHr-KOBU-a 6unu
CYy Nep3UCTEHTHOCT CMMNTOMA Hajmare 12 Heges/ba HaKOH aKyTHe MHPeKunje KOBUAO-19.
MaunjeHTM Ccy NOABPrHYTM KAMHUYKOM nperneay, nNabopaTtopujckum aHanmMsama,
KOHBEHUMOHANHOj M HanpeaHoj ekapguorpadmjn. KMP, KopoHapHa KomnjyTepu3oBaHa
Tomorpadcka aHrnorpadmja n nayhHa aHrmorpadmja ypaheHe cy y cknagy ca /IOKaHUM
perynaTopHMM NpaBmMMMa 3a NaumjeHTe ca CYyMHOM Ha gujarHosy noHr-KOBU .

bonecHnum ca noHr-KOBUA-om n KapamoBacKkynapHMm maHudectaumjama 6Mamn cy 3HayajHo
yewhe xocnutanmsosBaHu (88,5% npema 75,9%) n umanu cy ay:ke bopaske y 60aHMUM.
3HavajHe exoKkapamorpadcke npomeHe npumeheHe cy y ejeKunMoHoj dpaKkumjmu neBe Komope
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(NBE®) (59,6 £ 5,4% npema 62,5 * 3,8%); noHruTyanHanHom ctpejHy (/1C) y cybeHaoKapaHUM
M  UMHTpamMuMoKapgHum cnojesuma (-20,9 npema -22,0% wu -18,6 npema -19,5%);
unpkymdepeHtHoMm cTpejHy (LIC) y cybenmkapgHum cnojesuma (-9,6 npema -10,5%) u
nocrcuctosiHom ckpahewy LIC (UC MNCC) (0,138 npema 0,088c). MNopea Tora, NaToNOLWIKK
Hanasn KMP-a cy HaheHu kop 58,2% y rpynu nauujeHata ca noHr KOBWO-om w
KapaunoBackynapHum maHudectaumnjama; 43,3% 60/1€CHMUKA MMAJIO je KaCHO rago/INjUHYMCKO
Hakynsbaree (/ITE), 21,0% je nmano nosulieHe BpeaHOCTU HaTMBHMX Tl mana, a 22,4% je
MMano NnosullieHe BpeAHOCTU HaTUBHUX T2 mana. YTBpheHa je 3HavyajHa Kopenaunja nsmehy
cybenukapaHor LIC NCC n HaTuBHMxX BpegHocTn T1 mana.

Hocurouu Bapujant MKC1*T, MMKC3*L nam Hpd2*A anena cy BuLle HEro ABOCTPYKO Make
CKNOHM pa3Bojy cumnToma nocne KOBUa y nopehery ca Hocmoumma pepepeHTHUX anena.
BapujaHTe IMKC anena 6une cy 3Ha4ajHO noBe3aHe ca exokapanorpadpckum napameTpmma
NleBe NPeTKoMOope U AecHe Komope.

CTpyKTypHEe M ¢YHKLUMOHANHE MNPOMEHE Yy KapAMOBACKyJlapHOM cuctemy Kog BehuHe
6onecHMKa NpPBEHCTBEHO CYy Y3POKOBaHe nNpoAyKeHWm ynanom. Hawu pesyntatm o
noBesaHocT u3amel)y  aHTMOKCMAATUBHUX TEHETCKMX BapWjaHTM U AyroTpajHUX
KapAMoNoWwKnx MaHudectaumja nocne KOBUA-a uctuuy 3Hauaj wuxoBor oapehusarba y
aKYTHUM U Y AYroTPajHUM KAMHUYKUM MaHudecTaumnjama. MctoBpemeHa NpUMeHa MMULIMHT
MeToAa exoKapauorpaduje, MarHeTHe pe3oHaHLE cpLa U KoMNjyTepcke Tomorpaduje je opg,
BE/IMKOT 3Hauaja.

JNutepartypa:

1. Asanin M, Ercegovac M, Krljanac G, Djukic T, Coric V, Jerotic D, et al. Antioxidant
Genetic Variants Modify Echocardiography Indices in Long COVID. Int J Mol Sci 2023;
24(12):10234. doi: 10.3390/ijms241210234.

2. TsampasianV, Back M, Bernardi M, Cavarretta E, Debski M, Gat S, et al. Cardiovascular
disease as part of Long COVID: a systematic review. Eur Journal of Preventive
Cardiology 2024; 32(6):485-98. doi.org/10.1093/eurjpc/zwae070.

3. Friedrich MG, Cooper LT. What we (don’t) know about myocardial injury after COVID-
19. Eur Heart J 2021; 42(19):1879-82. doi: 10.1093/eurheartj/ehab145.
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CARDIOVASCULAR MANIFESTATIONS IN LONG COVID-19
Gordana Krljanac

School of Medicine, University of Belgrade, Clinic for Cardiology, Clinical Center Serbia,
Belgrade.

Previous studies have shown that the wide range of symptoms after previous COVID-19
infection is not always consistent with signs of cardiovascular dysfunction or myocardial
damage. Cardiovascular manifestations during long-term COVID are summarized in Figure 1.
The clinical picture of the patient, laboratory and genotypic analyses, as well as the analysis
of findings obtained by imaging methods such as echocardiography and magnetic resonance
imaging (cardiac magnetic resonance imaging-CMR) can be of great importance.
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Figure 1. Cardiovascular manifestations during long-term COVID

Our study included 176 patients with previous COVID-19 infection. The mean age was
55.9+12.3 years, 58.5% were male, 84.7% had been previously hospitalized and 1.7% were on
mechanical ventilation. All patients came to the cardiology outpatient clinic 1-14 months after
the illness (6.2+2.7 months).

Criteria for patient inclusion were persistence of symptoms such as exercise intolerance
and/or fatigue, and dyspnea not explained by another disease, age >18 years. Criteria for the
diagnosis of long-COVID were persistence of symptoms for at least 12 weeks after acute
COVID-19 infection. Patients underwent clinical examination, laboratory tests, conventional
and advanced echocardiography. Cardiac magnetic resonance imaging (CMR), coronary
computed tomography angiography (CCTA), and pulmonary angiography (PA) were
performed in accordance with local regulatory rules for patients with a suspected diagnosis
of long-COVID.

Patients with long-COVID and cardiovascular manifestations were significantly more
frequently hospitalized (88.5% vs. 75.9%) and had longer hospital stays. Significant
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echocardiographic changes were observed in left ventricular ejection fraction (LVEF) (59.6
5.4%vs. 62.5 + 3.8%); longitudinal strain (LS) in the subendocardial and intramyocardial layers
(-20.9 vs. -22.0% and -18.6 vs. -19.5%); circumferential strain (CS) in the subepicardial layers
(-9.6 vs. -10.5%) and CS postsystolic shortening (CS PSS) (0.138 vs. 0.088s). In addition,
pathological CMR findings were found in 58.2% of the group of patients with long COVID and
cardiovascular manifestations; 43.3% of patients had late gadolinium enhancement (LGE),
21.0% had elevated native T1 maps, and 22.4% had elevated native T2 maps. A significant
correlation was found between subepicardial CS PSS and native T1 map values.

Carriers of GPX1*T, GPX3*C or Nrf2*A allele variants are more than two times less likely to
develop symptoms after COVID compared to carriers of reference alleles. GPX allele variants
were significantly associated with echocardiographic parameters of the left atrium and right
ventricle.

Structural and functional changes in the cardiovascular system in most patients are primarily
caused by prolonged inflammation. Our results on the association between antioxidant
genetic variants and long-term cardiac manifestations after COVID emphasize the importance
of their determination in acute and long-term clinical manifestations. The simultaneous
application of imaging methods of echocardiography, cardiac magnetic resonance and
computed tomography is of great importance.
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NNAYRHA ®YHKLUUIA KO, OCOBA KOJE CY NMPEXMBENE KOBUA-19 YNIANY NJTYRA

BpaHucnasa Munenkosuh?, Jenena Jankosuh?, Auhenka MsaHosuh?, TnjaHa LiBoK-
Jebemak?

I MeduyuHcku pakynmem, YHusep3umem y beozpady, > KnuHuka 3a nayhHe 6onecmu,
YHusep3umemcKu KAUuHUYKU yeHmap, beoepad, Cpbuja.

YBoga,: KopoHasupycHa 6onect 2019 (KOBMA-19) noraha Buile opraHa, A0K je IoKanusaumja
y nayhuma npeosnahyjyha. Aytopm npeTxogHo o6jaB/beHUX pafoBa cyrepuily Aa NaunjeHTu
MOTY MMaTU NeP3UCTEHTHE PecnmMpaTopHe CMMNTOMe M olwTehere pecnupaTopHe yHKLMje
HaKoH MHoeKuuje SARS-CoV-2. MocToje cynpoTcTaB/beHn pe3yatatn mehy nyamonosmma o
AyropoYyHnm nocneamuama ose 6onectm y noct-KOBU/[, nepmogy. Linb Hawe cTyguje je ga
aHanusupamo nayhHy dyHKumjy Kog noct-KOBU/A-19 ynane nayha.

Mertoge: LLlectomeceuyHo npahere 121 nauunjeHTa Koju je npexuseo SARS-CoV-2 nudekumjy
ca 6narom go Tewkom ynanom nayha cnposeaeHo je y KnnHuum 3a nyamonorujy,
YHUBEP3UTETCKOT KNAMHUYKOT LeHTpa Cpbuje, Beorpaa, Cpbwuja, o jyHa 2022. oo jyHa 2023.
roguHe. Takohe, gBaHaecTomeceyHo npaheme je cnpoBeaeHo Kog 22 nauujeHTa.
Kputepujymun 3a yK/byumBare bunu cy: nosutmusaH PCR pesynTtat 3a SARS-CoV-2 1 6nara ao
TewkKa ynana nayha. TexxmHa 6onectu je gedmHUcaHa npema cmepHuLama CeeTcke
3/paBcTBeHe opraHmsaumje 3a KOBMA-19. MayhHa dyHKUKja (cnnpomeTpuja n andysujcku
KanaumTeT nayha 3a yr/beH-MOHOKCUA) NpouereHa je y nabopatopuju 3a nayhHy dyHKUMjY
Yy CKNaay ca cMepHMUama AMepUYKOr TOpaKkaaHor ApyLwTea u EBponckor pecnupaTopHor
ApywTBa. OCHOBHe KapakTepucTuke (aemorpaduja, Komopbmnagmtetn u TexkunHa ynane nayha
nsasaHe KOBUN/-19) cy nssyyeHe M3 eNEKTPOHCKOr MeAULNHCKOT KapTOHa.
KomnjyTtepusoBaHa Tomorpaduja sucoke pesonyumje (HRCT) rpygHor Kowa je ypaheHa Koz
nauujeHaTta ca cMarbeHUM andy3moHum Kanauutetom nayha 12 meceum HakoH KOBUI-19.

Pe3yntatn: MeanjaHa ctapoctu naunjeHaTa 6una je 59,7 £ 13,1 rogmHa (pacnoH og 31 go
83); 58,3% cy 6unn mywKapum. OcamaeceT yeTupu npexkmeena (87%) nmana cy Hajmarbe
jefiaH XpOHMYHN KOMOPOMAUTET (apTepujcKa xunepTeHsuja je 6una Hajuewha, Koa 79%).
LWecT meceun HakoH KOBN-19, bopcmpaHm ButanHu Kanaumtet (FVC) n dopcmparmn
eKCNMPaToOpHUM BONYMEH Yy NpBoj cekyHan (FEV1) 6unn cy ncnoa Aorux BpeAHOCTH 3a
nabopatopujcky Hopmany Koz 18 (14,9%), a amdysnonmn kanauutet nayha je 6uo
abHopmanaH (DLCO <80% npepn) Koz 88 (72,7%) naumjeHaTa. PecnupaTtopHa ¢yHKUMja ce
nobosbluana y HapegHUx 6 meceLm Ko CKOPo CBMX NauunjeHata, anm cy FVC u FEV1 v pgamwe
6unm cmarbenu kog 1 (4,5%), a DLCO Kopg 5 (22,7%) naumjeHaTa umje je npaherbe 6uno 12
meceum. HRCT ckeHupatbe ypaheHo 12 meceun HakoH COVID-19 yTBpaunno je yobuyajeHy
NHTepCcTUUMjanHy nHeymoHujy (UIP) ko aBa (1,7) naymjeHTa.
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3ak/byuum: OBK pesynTaTu yKasyjy Ha BaxKHOCT cnpoBohersa TectoBa nayhHe dyHKuUMje y
PYTUHCKO] KIMHMYKOj MPAKCK 33 OTKPUBAHE AYroTPajHUX pecnnpaTopHmMX nocaeamua
KOBWMA-19 n npoueHy oBux naunjeHaTa. byayha ncrpaxusama Tpeba aa 6yay ycmepeHa Ha
AyropoyHe nocneguue pecnupatopHe GyHKUMje Kako 61 ce oNTMMM30BaN0 AOHOLWEHE
O4/IYKA Y PYTUHCKO] MPaKCK.

KmbyuHe peun: SARS-COV 2; nocT-KOBWU /[, nHeymoHuja; DLCO; Tect nayhHe dyHKumje.
Jlutepartypa:

1. Torres-Castro R, Vasconcello-Castillo L, Alsina-Restoy X, Solis Navarro L, Burgos F, Puppo
H, et al. Respiratory function in patients’ post-infection by COVID-19: a systematic
review and meta-analysis. Pulmonology 2021; 27(4):328-37.

2. Savushkina Ol, Muraveva ES, Zhitareva IV, Nekludova GL, Mustafina MK, Avdeeves SN.
Prediction of impaired lung diffusion capacity in COVID-19 pneumonia survivors. J
Thorac Dis 2024; 16(11):7282-89.

3. Blanco JR, Cobos-Ceballos MJ, Navarro F, Sanjoaquin I, Las Revilas FA, Bernal E, et al.
Pulmonary long-term consequences of COVID-19 infections after hospital discharge. Clin
Microbiol Infect 2021; 27(6):892-96.
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PULMONARY FUNCTION AMONG COVID-19 PNEUMONIA SURVIVORS
Branislava Milenkovic, ! Jelena Jankovic, 2 Andjelka Ivanovic, 2 Tijana Cvok-Debeljak 2

IFaculty of Medicine, University of Belgrade, 2 Clinic for Pulmonary Diseases, University
Clinical Center of Belgrade, Serbia.

Introduction: Coronavirus disease 2019 (COVID-19) affects multiple organs while the
localization in lungs is predominant. The authors of previous published papers suggest that
patients may experience persistent respiratory symptoms and impairment in respiratory
function after infection with SARS-CoV-2. There are conflicting results among pulmonologist
about the long-term consequences of this disease in the post-COVID period. The aim of our
study is to analyze the pulmonary function in post-COVID-19 pneumonia.

Methods: Six-month follow-up of 121 survivors with SARS-CoV-2 infection and mild-to
severe pneumonia was performed in Clinic for Pulmonary Diseases, University Clinical
Center of Serbia, Belgrade, Serbia, from June 2022. to June 2023. Also, twelve-month
follow-up was performed in 22 patients. Inclusion criteria were: positive PCR result for SARS-
CoV-2 and mild-to-severe pneumonia. The severity of the disease was defined according to
the World Health Organization COVID-19 guidelines. Pulmonary function (spirometry and
diffusion capacity of the lungs for carbon monoxide) was assessed in the lung function
laboratory in accordance with American Thoracic Society/European Respiratory Society
guidelines. The baseline characteristics (demographics, comorbidities and severity of COVID-
19 pneumonia) were extracted from the electronic medical record. Chest high-resolution
computed tomography (HRCT) was performed in patients with reduced lung diffusion
capacity 12 months after COVID-19.

Results: The median patient age was 59.7 + 13.1 years (range from 31 to 83); 58.3% were
male. Eighty-four survivors (87%) had at least one chronic comorbidity (arterial
hypertension was most frequent — in 79%). Six months after COVID-19, forced vital capacity
(FVC) and forced expiratory volume in first second (FEV 1) were below the LLN values in of
18 (14.9%) and diffusion capacity of the lungs was abnormal (DLCO &It;80% pred) in 88
(72.7%) patients. Respiratory function improved in next 6 months in almost all patients but
FVC and FEV 1 were still decreased in 1 (4.5%), as DLCO in 5 (22.7%) patients whose follow-
up was 12 months. HRCT performed 12 months after COVID-19 determined usual interstitial
pneumonia (UIP) in two (1.7) patients.

Conclusions: These results suggest the importance of performing pulmonary function tests
into routine clinical practice for detection of respiratory long-COVID and evaluation of these
patients. Future research should be focused on long-term respiratory function sequelae to
optimize the decision-making in routine practice.
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YTULUAJ COVID-19 MHOEKUMIE HA MOJABY FACTPOEHTEPOJIOWLKMX CMMIMNTOMA U
NOCTKOBMA CUHAPOMA UPUTABU/THOI KOJTIOHA (UBC)

CHexkaHa Jlykuh', Jenena MapTtuHos- Hectopos', [paraHa Mwujay', Ypow Kapuh2, Munow
Kopah?, hosaHu Mapacko >4, bapbapa hosanu 34

IKnuHUKa 3a 2acmpoeHmepoxenamosnoaujy, YHusep3umemcKku KauHuU4ku ueHimap Cpbuje,
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Ynora KOBU/, -19 nHdekumje Ha nojaBa pyHKLMOHANHNX FaCTPOEHTEPONOWKMX nopemehaja
jow yBeK Huje A,0BO/bHO pasjallbeHa. PyHKUMOHANHU racTpoeHTepoowWwKM nopemehajum, nau
npema Poma IV knacudpukaumjun, Mopemehaju upeBo-mo3aK WHTepakuuje HacTajy 6e3
CTPYKTYPHUX, OPraHCKMX MPOMEHA Ha CAYy3HMUWM KOje ce MOry YOUUTU eHOOCKOMUjom
ANreCcTUBHOI CUCTEMa, Te Ce CmaTpa ga cy pesyntaT Heoarosapajyhe (nopemeheHe)
NHTepaKumje namehy upesa M mo3ra. Terobe Koa naumjeHata ca Mopemehajuma upeso-
MO3aK MHTepaKLMja Cy XpOHUYHE, peEMETE KBAaZIMTET }KMBOTA, PagHY CMOCOHOHOCT M ApYLUTBEHM
XMBOT nauujeHTa. Y ocHoBM o0BUX nopemehaja je KombuHauuja naTodM3MONOLIKKX
MexaHW3ama, Kao WTo cy nopemehaj moTunauTeTa AMreCTMBHOr CUCTEMa, BUCLEepanHa
XMNEPCEeH3UTUBHOCT, M3MEHEHA MYKO3Ha M MMYHOJIOWKA (YHKUMja, U3MereHa UupeBHa
MMWKpPOBMOTa, Kao n nopemeheHa obpasa HEpPBHWUX MMMyACA U3 AUFECTUBHOF cucTema Y
LEeHTPANHOM HEPBHOM CUCTEMY.

CuHApom nputabunHor KonoHa mnm ckpaheHo UBC, n Koa Hac npuxeBaheHa ckpaheHuua
(eHrn.  jrritable bowel syndrome) npepactaB/ba uYecT ¢yHKUMOHanHM nopemehaj vy
CBaKOAHEBHOj KNMHMYKO] NpaKcu. MNpema Poma IV Kputepujymmma geduHuUwe ra npucycrso
6ona y Tpbyxy, KOju ce jaB/ba Hajmare jeAHOM Heaes/bHO, a NOoBe3aH je ca AedeKauujom,
NMPOMeHama y y4ecTasnocTu cTonuue uM/Mam nNpomeHom y umsrneay cronuue. Kputepujymu
Mopajy butn ncnyrweHn y nocnegra 3 meceua, ca NOYETKOM CMMMNTOMA HajMakbe 6 meceum
npe noctas/batba AujarHose. lMoctoju Tpn TMna UBC y 3aBMCHOCTM 0Of, y4ecTtanoctu wu
KOH3ucTeHunje ctonmnue: MBC-O (ca onctmnaumjom), UBC-A (ca anjapejom) n UBC-M (ca
HaM3MEeHMYHOM nojaBoM oncTunaumje u aujapeje). MoctuHdpekTnsHm WUBC (UBC-MN)
npeacrtas/ba ™MN UBC rgoe noctoje 3a40Bo/beHM Poma KpuUTepUjymn 3a MNOCTaB/bakbe
aunjarHoze UBC, a Koju ce jaB/ba Moc/ie enu3one aKyTHOr racTpoeHTepokonutuca. Takohe,
6MTaH KpUTepPUjym 3a nocTaB/barbe aunjarHose MBC-MU je ga nauunjeHT paHuje HMje Mmao
cumntome MBC. Hajuewhu y3pok UBC-MWN cy baktepunje n Bupycu. Ynora SARS CoV-2 vy
HacTaHKy WMBC-MWN jow yBek Huje A0bpo npoydyeHa, ann ce cmaTtpa Aa MNOTEeHUWjaHU
naToreHeTCKM MexaHM3mm mory 6T npomeHa LupeBHe MUKPobuoTe, nopemeheH
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MMYHONOWKKN ogrosop, nosehaHa nepmeabunHOCT CAy3HWUUE KOMOHA, KAa0 U MOTUAUTET
nopemehaja.

MpWKa3s HaWKMX UCKyCTaBa ca NOCTKOBUA, UHPEKLMjOM ANUTECTUBHOT CUCTEMA NPUKA3aH je Kpo3
NPOCNEKTUBHY, MY/ITULLIEHTPUYHY CTYANjY KOja je obyxBaTmna XocnMTain3oBaHe naumjeHTe ca
KOBWA-19 nHdeKLMjom, [OK CY KOHTPOIHY Fpyny YUHUAN XOCMUTAIN30BAHU NALMjEHTUN KOjK
HUcy 6unmn nosmtmeHm Ha KOBW/M, -19, a nevyeHn cy y UHTEPHUCTUYKMM KAMHMKama. Ha
noyetky  wucnutmearwa KOBWUA-19 no3uMTMBHM  nauujeHTM cy  wmanum  Yewhe
raCTPOMHTECTMHAHE CUMNTOME Y OA4HOCY Ha KOHTPOJIHY rpyny, AOK je y HapeaHux 12 meceuum
onctmnaumja buna 3HayajHa 4yewha y KOHTPOAHOj rpynu nauujeHata. Y nopehemy ca
KOHTPOJIHOM rpynom, naumjeHtn ca KOBUA -19 nHdeKumjom cy nocne 12 meceun mmanm
yewhy nojasy NBC npema Pome IV kputepujymmnma (3,2%, npema 0,5%, n=0,045). dakTopwu
pu3nKa 3a nojasy noct-KOBWU, NBC cy 6unmn KoH3ymnpare MHXMOBUTOpa NPOTOHCKE Nymne,
NPUCYCTBO AMUCMNHEe M MPUCYCTBO anepruja. 3ak/byvak Halle cTygumje je ykasao Aa nauunjeHTu
neyenu oa nHdekuuje KOBUI-19 yewhe passujajy nopemehaje LpeBo- MO3aK MHTEPaKLUje,
npe ceera noct KOBNA UBC.
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The role of COVID-19 infection in the development of functional gastroenterological
disorders remains insufficiently clarified. Functional gastroenterological disorders—
currently classified as Disorders of Gut—Brain Interaction (DGBIs) according to the Rome IV
criteria—occur in the absence of structural or organic mucosal changes detectable by
endoscopy. They are considered to result from a disturbed bidirectional communication
between the gastrointestinal tract and the central nervous system.

Patients with DGBIs experience chronic symptoms that substantially impair quality of life,
work capacity, and social functioning. The underlying pathophysiology involves multiple
mechanisms, including impaired gastrointestinal motility, visceral hypersensitivity, altered
mucosal and immune function, dysbiosis of the intestinal microbiota, and abnormal central
processing of visceral signals.

According to the Rome IV criteria, irritable bowel syndrome (IBS)—the most common
DGBI—is defined by recurrent abdominal pain occurring at least once per week, associated
with defecation and/or changes in stool frequency or form. These criteria must be fulfilled
for at least 3 months, with symptom onset at least 6 months before diagnosis. IBS is
classified into subtypes based on stool pattern: IBS-C (constipation-predominant), IBS-D
(diarrhea-predominant), and IBS-M (mixed pattern with alternating constipation and
diarrhea). Post-infectious IBS (PI-IBS) is a distinct subtype in which Rome IV diagnostic
criteria are met following an episode of acute gastroenterocolitis, in a patient without prior
IBS symptoms. PI-IBS is most frequently triggered by bacterial or viral infections. The
contribution of SARS-CoV-2 to PI-IBS is not yet fully understood, but proposed pathogenetic
mechanisms include intestinal microbiota alterations, dysregulated immune responses,
increased colonic mucosal permeability, and disordered motility.

IBS is a frequent condition in clinical practice, commonly referred to as “irritable bowel
syndrome” (IBS) in our setting. Our experience with post-COVID gastrointestinal
involvement is based on a prospective multicenter study that included hospitalized patients
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with confirmed COVID-19 infection, while the control group consisted of hospitalized
patients without COVID-19 who were treated in internal medicine wards. At study entry,
gastrointestinal symptoms were significantly more common in COVID-19 positive patients
compared with controls. However, over the following 12 months, constipation was reported
more frequently among controls. Importantly, after 12 months, patients with prior COVID-
19 infection had a significantly higher incidence of IBS, as defined by Rome IV criteria,
compared with the control group (3.2% vs. 0.5%, p = 0.045).

Risk factors identified for post-COVID IBS included the use of proton pump inhibitors, the
presence of dyspnea, and a history of allergic conditions.

Conclusion:
Our findings indicate that patients recovering from COVID-19 infection are at increased risk
of developing Disorders of Gut—Brain Interaction, most notably post-COVID IBS.
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Cpbuje, beoepad, Cpbuja.

MNanpemmnja KOBUAO-19 octaBmaa je Ay6OK U BULLIEC/IOjHW TPAr Ha 34paB/be 1 OMLUTU KBA/IUTET
KMBOTA J/byAM WIMPOM cBeTa, yTMiyhu He camo Ha akyTHy ¢a3y 6onectn seh n Ha AykKu
nepuog HakoH onopasKa. OBaj rnobanHU 34paBCTBEHN M3a30B HUje YTULLA0 CaMo Ha GU3NYKO
3apas/be, Beh je MMao M 3HayajHe nocneguue No MeHTasHO 34paB/be M APYLTBEHO
bYHKLMOHUCaHbe BeNIMKOr Bpoja nojeanHaLa. Y OKBMPY HaLLer UCTParkMBatba, CNPOBEAEHa je
cBeobyxBaTHa npoueHa yTuuaja MHpeKuunje SARS-CoV-2 Ha pasinumte acnekTte 34paB/ba
naumjeHaTta, ca nocebHMm GOKycom Ha Nepuvos HaKOH 3aBpLUeTKa aKyTHe ¢dase HonecTtu.
UcTparkneatrbe je cnpoBefeHO NyTEM AeTa/bHUX YNUTHMKA KOjU CYy CagprKkanu nopaTtke o
AeMorpadpCcKMM KapaKTepUCTMKamMa, COLLMOEKOHOMCKMM YCI0BUMA, 34PaBCTBEHOM CTaTycy
npe M HakoH WHOEKuMje, CTaTyCcy BaKUMHAUMje, Kao M MPOLEHY KBa/iWUTETa WUBOTA
Kopuwherbem BannanpaHe EK-5, (EQ-5D) ckane. OBa ckana omoryhaBa 06jeKTUBHY NpPoLEeHy
Pa3NYUTUX AMMEH3Mja 34paB/ba, YK/bY4YYjyh NOKPET/bMBOCT, CAMOCTANIHOCT, CBaKOAHEBHE
aKTMBHOCTU, 6on/Henaro4HOCT U aHKCMO3HOCT/genpecujy [1].

Pe3yntati Hawer MUcTparkmMBakba YKasyjy Aa cy »KeHe bune nocebHO oceT/bmBa rpyna, npu
yemy Cy y nepuoay HakoH npenexkaHor KOBUO-19 mHoro yewhe Hero myLiKapLum UcKycune
CMMNTOME aHKCMO3HOCTK M aenpecuje —Yak 3 o 5 nyta yewhe. Takohe, kog Bennkor 6poja
KeHa je [oWwno A0 AyroTpajHOr Cmarera KanauuteTa 3a obas/batbe yobuuajeHux
AKTMBHOCTM, LITO je yTULANO0 Ha HbUXOBO CBAKOAHEBHO GYyHKLUMOHUCAHE, NPODECUOHANHU U
NOpoOAUNYHM XMBOT A0 5 meceun HaKOH gumjarHose. Ctapujmu noct-KOBU-19 naumjeHTn cy
nokasanu 3-4 nyTa cMakbeHy NOKPET/bMBOCT, Y3 Yelwhe npucycTso 601a M HENArogHOCTK, WITO
yKasyje Ha TpajHuje nopemehaje dpusnykor 3gpassba [1] (Tabena 1).

Koa, mywkapaua je, Tokom uHpekumje, npumeheHo 3Ha4ajHO CHUKEHE HMBOA TECTOCTEPOHA
n cnobofHOr TECTOCTEPOHA, WTO ce, MehyTUM, HOPMAIN30BaNO HAKOH OMOpPaBKa. Y aKyTHO]
dasm  uHeKunje, noBulEeHe BPeAHOCTM WHPNAMATOPHUX UMUTOKMHA Kao LWTO cCy
NHTEepNEYKUH-6 (IL-6) n nHtepneyknu-10 (IL-10) ykasmBane cy Ha MHTEH3UBAH MMYHO/OLLKK
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OAroBop, a UXOBO cMakere nocine KOBNA-19 6onecty cBeg04M O NOCTENEHOM CMUPUBaHY
ynanHor npoueca [2]. 3aHMM/bMB Hana3 npeacTaB/ba HeratMBHa Kopesauuja usmehy
BpeaHoctu PCR Tecta u HuBoa IL-6 Koa myllKapaua, WTO yKasyje Aa je Behe BUpPYCHO
onTepehere MOBE3aHO Ca CHaXXHUjUM WHPNAMATOPHUM oAroBopom. Takohe, Kog
naumjeHata Koju cy npenexann KOBUA-19 pyrotpajHo cy 6uaM nosBuWEHW HUBOU
eHAOoTeNHUX Mmapkepa Kao wto cy ICAM-1 u E-ceneKTuH, WITO YyKa3syje Ha NPOAYXKEHY
eHA0TeNHY AUCOYHKLM]Y, YaK U HAKOH KAMHMYKOT onopasKa [2].

Tabena 1. lemorpadckn n COLLMOEKOHOMCKM NoAauUM, 34PaBCTBEHO CTakbe, CTakbe
enngemunjcke cutyaumje n EQ-5D ckana noct-KOBMA19 nauunjeHaTta y cKiagy ca Nosiom.

HakoH anjarHose 77 £ 16 paHa 163 + 35 paHa

Mon eHe (n=16) M»(/:LK:;L"M ttect | eHe (n=16) M\(/EJ:;:)U'M tTect

Demorpadcku 1 COLLMOEKOHOMCKM NOAALM U 34PaBCTBEHO CTakbe
AV SD AV SD p AV SD AV SD p

6payHo cTarbe 1.5 1.1 1.4 0.8 0.984 1.7 1.3 1.0| 0.7 0.083
3aHMMakbe 1.9 1.0 1.5 0.8 0.054 1.9 1.4 14| 0.6 0.297
obpa3zoBatrbe 2.4 1.0 2.8 0.9 0.170 2.7 2.7 1.0| 0.8 0.891
npuxoaa 3.3 0.6 3.0 0.7 0.139 3.1 2.9 03] 0.5 0.194
yrosop 6pura 2.1 0.8 2.4 0.6 0.184 2.3 2.4 1.0| 0.7 0.659
XpOHWYHa bonect 2.6 1.9 1.7 1.4 0.050 2.3 1.7 1.4 1.6 0.134
ApywTBeHe
AKTMBHOCTMU 2.9 1.2 3.7 1.2 0.032 3.1 3.4 1.3 1.1 0.225
CBAKOAHEBHM KMBOT,
pacnopef, 3.4 1.3 4.0 1.1 0.025 4.0 3.9 13| 0.8 0.903
cnaBaTtu 3.5 1.5 4.0 0.7 0.054 3.6 4.3 11| 1.0 0.130
anjeTa 3.9 0.9 4.3 0.8 0.191 4.6 4.3 11| 1.0 0.302
Bexbarbe 3.3 1.1 3.6 1.3 0.493 3.9 3.8 1.2 | 0.9 0.846
pagHa ctabunHocTt 3.6 0.6 4.1 0.8 0.123 4.1 3.9 14| 0.8 0.870
JIMRO yHerse am 36 | 09 | 40| 09 |0329| 36 | 39 | 13 | 0.7 | 0302
CTBapatbe
npuxoaa 3.9 0.3 4.0 0.8 0.821 | 3.9 4.1 1.1 0.7 0.496
Oaoc ca 43 | 10 | 42| 07 |0749| 44 | 40 | 08 | 03 | 0.053
poauTe/buma
OAHOC €a 39 | 12 | 41| 09 |0281| 46 | 39 | 13 | 07| 0132
npujate/bMma
6payHu ogHOC 4.5 1.1 4.4 0.9 0.684 | 4.3 4.2 0.9 0.8 0.909
obpasoBatbe geue 4.3 1.3 4.0 0.8 0.709 4.3 3.9 0.9 0.8 0.232

EBponcka neTogumeH3MOHaIHa 34paBcTBeHa cKana (EQ-5D)

NOKPET/bMBOCT 1.5 0.5 1.3 0.5 0.372 1.4 1.3 0.5 0.4 | 0.698
6pura o cebu 1.0 0.0 1.0 0.1 >0.99 | 1.0 1.0 0.0 0.2 | >0.99
yobuuajeHe

AKTUBHOCTHU 1.4 0.6 1.3 0.5 0.570 1.6 1.1 0.5 0.3 | 0.001

bon / HenarogHocT 1.6 0.5 1.4 0.5 0.144 | 1.3 1.3 0.5 0.5 | >0.99

AHKcuosHoct /
aenpecuja 1.4 0.5 1.1 0.3 0.003 1.5 1.1 0.5 0.3 | 0.038
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MponHdnamaTopHm 6uomapkepu (CRP, IL-6, pubpuHoreH, LDH, D-gumep, epuTuH), Kao u
jeTpeHn eHsumu (AST, ALT, GGT), 6unn cy 3HaTHO NOBULLEHM KOA MYLLKapala, a yjeaHo ny
NO3UTUBHOj KOpenauuju ca TEXMHOM KAMHUYKOr ucxoda. [MjarHoCcTUYKe BpPeaHOCTU
KpeaTMHMHA M ypee YyKasmBanuM cy Ha moryhe owtehewe 6ybpera, AoK je 6p3uHa
rnomepynapHe ¢untpauyumje 6una nosuweHa Kog noct-KOBUA-19 naumjeHaTa. Mpucyctso
KOMopbuanTeTa Kao LWITO Cy XMNepTeH3uja, AMjabeTec U KapAnoBackyiapHe 6osectn 6uo je
Yy NO3UTMBHOj KOPENaUMjuU Ca TEXKOM KANHUYKOM CIMKOM, LUTO YKa3yje Ha HUXO0BY YN0ry Kao
¢dakTopa pusmnKa. C gpyre cTpaHe, BaKuMHaLUMja je NoKasana 3aWTUTHM edekaT — buna je y
HeraTMBHOj Kopenaumju ca BpeAHOCTMMA jeTPeHUX eH3MMa, MHGaMaTOPHUX MapKepa M
TEKMHOM CMMNTOMaA, LITO NoTBphyje BaKHOCT UMyHM3auuje y 6opbu npoTms TewKnx obimka
6onectn KOBMA-19 [3].

KmbyuHe peun: nionamaumja, KOBU-19, komopbuantetm
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The COVID-19 pandemic has left a profound and multilayered impact on the health and
overall quality of life of people worldwide, affecting not only the acute phase of the illness
but also the longer period following recovery. This global health challenge influenced not only
physical health but also had significant consequences for mental health and the social
functioning of many individuals. Within our study, a comprehensive evaluation was
conducted to assess the impact of SARS-CoV-2 infection on various aspects of patient health,
with a special focus on the post-acute phase of the disease. The study was conducted through
detailed questionnaires that included data on demographic characteristics, socioeconomic
conditions, health status before and after infection, vaccination status, and quality of life
assessment using the validated EQ-5D scale. This scale enables an objective evaluation of
different dimensions of health, including mobility, self-care, usual activities, pain/discomfort,
and anxiety/depression [1].

Our results indicate that women represented a particularly vulnerable group. In the period
following recovery from COVID-19, they were 3 to 5 times more likely than men to experience
symptoms of anxiety and depression. Additionally, many women experienced a long-term
decrease in their ability to perform daily activities, which affected their everyday functioning,
professional engagement, and family life for up to five months after diagnosis. Older post-
COVID-19 patients exhibited 3 to 4 times reduced mobility, with more frequent reports of
pain and discomfort, suggesting more persistent physical health disorders [1] (Table 1).

Among male patients, a significant reduction in testosterone and free testosterone levels was
observed during infection; however, these levels normalized after recovery. In the acute
phase of infection, elevated levels of inflammatory cytokines such as interleukin-6 (IL-6) and
interleukin-10 (IL-10) indicated an intense immune response, and their decline following
COVID-19 reflected the gradual resolution of the inflammatory process [2]. An interesting
finding was the negative correlation between PCR test values and IL-6 levels in men,
suggesting that higher viral loads were associated with a stronger inflammatory response.
Additionally, patients who had recovered from COVID-19 showed persistently elevated levels
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of endothelial markers such as ICAM-1 and E-selectin, indicating prolonged endothelial
dysfunction even after clinical recovery [2].

Table 1. Demographic and socioeconomic data, health status, the condition of epidemic
situation and EQ-5D scale of post-COVID19 patients in accordance with gender.

After diagnosis 77 £ 16 days 163 + 35 days
Gender F(ir_nlaé)e Male (n=50) | ttest | Female (n=16) | Male (n=50) | ttest
Demographic and socioeconomic data, and health status
AV SD AV SD p AV SD AV SD p

marital status 1.5 1.1 1.4 0.8 0.984 1.7 1.3 1.0 0.7 0.083
occupation 1.9 1.0 1.5 0.8 0.054 1.9 1.4 1.4 0.6 0.297
education 2.4 1.0 2.8 0.9 0.170 2.7 2.7 1.0 0.8 0.891
income 3.3 0.6 3.0 0.7 0.139 3.1 2.9 0.3 0.5 0.194
contract worry 2.1 0.8 2.4 0.6 0.184 2.3 2.4 1.0| 0.7 0.659
chronic disease (n) 2.6 1.9 1.7 1.4 0.050 2.3 1.7 14| 1.6 0.134
social activities 2.9 1.2 3.7 1.2 0.032 3.1 3.4 1.3 1.1 0.225
daily life, schedule 34 13 4.0 1.1 0.025 4.0 3.9 1.3 0.8 0.903
sleep 3.5 1.5 4.0 0.7 0.054 3.6 4.3 1.1 1.0 0.130
diet 3.9 0.9 4.3 0.8 0.191 4.6 4.3 1.1 1.0 0.302
exercise 3.3 1.1 3.6 1.3 0.493 3.9 3.8 1.2 0.9 0.846
working stability 3.6 0.6 4.1 0.8 0.123 4.1 3.9 1.4 0.8 0.870
personallearningor | 5 o | 59 | 40 | 09 |0329| 36 | 39 | 1.3 | 07 | 0.302
creation
income 3.9 0.3 4.0 0.8 0.821 3.9 4.1 1.1 0.7 0.496
Relationship with 43 | 10 | 42 | 07 |0749| 44 | 40 | 08 | 03 | 0.053
parents
relationship with

. 3.9 1.2 4.1 0.9 0.281 4.6 3.9 1.3 0.7 0.132
friends
marriage 45 | 11 | 44 | 09 |068| 43 | 42 | 09 | 0.8 | 0.909
relationship
children education 4.3 13 4.0 0.8 0.709 4.3 3.9 0.9 0.8 0.232
European five-dimensional health scale (EQ-5D)
mobility 1.5 0.5 1.3 0.5 0.372 1.4 1.3 0.5 0.4 | 0.698
self-Care 1.0 0.0 1.0 0.1 >0.99 1.0 1.0 0.0 0.2 | >0.99
usual activities 1.4 0.6 1.3 0.5 0.570 1.6 1.1 0.5 0.3 | 0.001
pain/Discomfort 1.6 0.5 1.4 0.5 0.144 1.3 1.3 0.5 0.5 >0.99
anxiety/Depression 1.4 0.5 1.1 0.3 0.003 1.5 1.1 0.5 0.3 | 0.038

Proinflammatory biomarkers (CRP, IL-6, fibrinogen, LDH, D-dimer, ferritin), as well as liver
enzymes (AST, ALT, GGT), were significantly elevated in men and positively correlated with
the severity of clinical outcomes. Diagnostic values of creatinine and urea indicated possible
kidney damage, while glomerular filtration rate was elevated in post-COVID-19 patients. The
presence of comorbidities such as hypertension, diabetes, and cardiovascular diseases
showed a positive correlation with more severe clinical presentations, highlighting their role
as risk factors. On the other hand, vaccination demonstrated a protective effect—being
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negatively correlated with liver enzyme levels, inflammatory markers, and the severity of
symptoms—thus confirming the importance of immunization in preventing severe forms of
the COVID-19 disease [3].

Key words: Inflammation, COVID-19, comorbidity
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YTULAJ COVID-19 HA NPOTPECUJY XPOHUYHE BOJIECTU BYBPEIA TOKOM TPU TOAUNHE

EneHa JoppaHosa !, AHa Paumh Octojuh!, Tamapa Jemuos' °, CeetnaHa KpcmaHosuh 2,
Buoneta Pabapenosuh 3, Muanua Metposuh 3, Mapuja Jobpuunh *, OparaHa CtaHkosuh
Towkosuh °, CeBetnaHa Metposuh >, Carba Cumuh Orpusosuh ©, Bepuua MNajuh 7, MapwujaHa
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100emerwe 3a Hegponoaujy, KauHuuyku 6oaHUYKU ueHmap 3emyH, 3emyH-Beo2pad,
’Hegpponowrko odesrverbe, 30pascmeeHu uyeHmap, lpuboj, Cpbuja, 3> BMA, KauHuka 3a
Hegponozujy, beoepad, 4 CneyujanHa 6onHuya 3a uHmMepHe 6onecmu, /lazapesau, > Onwma
6oaHuua ,,0p /lasa K. /lasapesuh” Lllabau, ° Onwma 6oaHuua Meduzpyn, beozpad, ” Onwma
6onecHuya , Op Boja Aynuh”, Odemere 3a dujanusy, lNoxwapesau, 2YHusepsumem y
McmouHom Capajesy, MeduyuHcku gpakyamem, ®oua, bocHa u Xepye208uHa, *MeduyuHCcKu
akynmem, YHusepsumem y beozpady, 1° Akademuja MeduyuHckux Hayka, C/1[, beoz2pad,
Cpbuja

YBoa: bybpexHa ¢yHKuuja 6onecHnka ca KOBU/-19 je KoHTposncaHa y BenMkom 6pojy
CTyAmja, yrnaBHOM Cy UCMIUTUBAHE YYECTaloCT, NPOrHO3a M UCXog, akyTHor owTehera 6ybpera
Tokom KOBWA-19, nam ytuuaj xpoHuyHe 6onectn 6ybpera (X6B) Ha mncxon KOBUA-19 wm
MmopTanuTeT. Mawu 6poj cTyamja npaTmo je npomeHy ¢yHKumnje bybpera kog 6onecHuKa ca
npetxogHom Xbb Tokom n HakoH KOBWU[-19, a pe3ynTtatM cy HegocneaHw W 3aBuUcCe oA
BpemeHa npaherba HakoH onopaska, TexknHe KOBUA-19 v noyeTHe PpyHKUMje Bybpera. Halwa
cTyAnja je nmana 3a uwsb ga npoueHn ytmuaj KOBUA-19 Ha nag dyHKuUMje 6ybpera Kop,
6onecHuKa ca npetxogHom Xbb Tokom 36-meceyHor npahetba.

MeToae: Y 0BOj MyATULLEHTPUYHO], PETPOCNEKTUBHO] CTYANjU UCNUTAHO je 63 BonecHMKa ca
XBB ca nosutuBHuUm PCR Tectom Ha SARS-CoV-2 (KOBW no3utusHM), 6e3 AyropoyHmux
3HakoBa KOBW/-a n 56 6onecHuka ca X6b 6e3 KOBU-19 (KOBU/, HeraTUBHM), ynapeHuUx no
CTApOCTH, NONY, BPEMEHY TECTUPAHbA, CTaTyCy BakuuHaunje. Cen bonecHmum cy npaheHn Ha
HedpPONOWKNM Ofe/beEHUMA HajMarbe TOAMHY AaHa Npe no4veTka naHgemuje KOBWUA-19
2020. rogmHe, a npahere je HacTaB/beHO aMbynaHTHO HaKoH WMHoekumje SARS CoV-2.
PyTuHcKe nabopaTopujcke aHanuse 6une cy poctynHe og 2019. go 1. jaHyapa 2024.
MpouereHa NnpomeHa 6p3nHe rnomepynapHe ¢puntpaumje (eJlP) nsparkeHa je Kao rognilrba
anconyTHa npomeHa ell®, a 3aTuUm je KaTeropmMsoBaHa Ha OCHOBY cmepHuUa NHuumjaTee 3a
KBanuTeT ucxoga bonectn 6ybpera y: 6e3 naga (>0 ml/min/roa.), 6narn nag (-4-0
ml/min/roa.) n 6p3u nag (< -4 ml/min/roa.).

Pesynrtatu: Y obe rpyne rpyne 6onecHmka HaheH je roauwmu nag elld, ann sehn nag HakoH
KOBWA-19 (-4,0 npema -1,49 ml/min/1,73m2/rog., p< 0,009). Buwe oa nonosuHe KOBUA
no3ntneHux n 30% KOBWU [, HeraTnsHux 6onecHmnka nmano je 6p3n nag el®P. NMpomeHa elPP
y rpynama npukasaHa je y camum 1. o Kpaja npahena, 6onecHnym y noarpynama 6e3 naga
el®P-a nobosblianu cy dyHKUmjy bybpera. Y nogrpynama 6onecHuka ca 6narum nagom el OP-
a, e[®P ce cmarbMo TOKOM TpU rOAMHE, aNKN He 3HAYajHO Yy nopehery ca NoYeTHUM
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BpeaHocTUMa. bonecHuum ca 6p3mm nagom elPP-a umanu cy Hajsehu nag pyHKUmMje bybpera
y npBoj roaguHn (KOBUA nosutusHu) u apyroj roanHn (KOBUM HeraTMBHM), a 3aTUM Cy
oAprKanu ctabunHy eyHKumjy. Ha Kpajy cryauje, wect KOBUA nosutmeHux n 11 KOBU/A
HeraTMBHMX 6onecHuKa ca 6narum n 6p3mm nagom el®P-a nmano je nporpecnjy Xbb ao
ctagnjyma 5 Xbb (6e3 aunjanuse), ann oBa yyectasnocT Huje 6BmMna CTaTUCTUUKM 3HavajHa.
MoyeTHn n el®PP y Tpehoj rogMHn WAEHTUOUKOBAHM CYy KAO HE3aBUCHWU NpPeaUKTOpU
anconyTtHe npomeHe el®P-a, ca cynpoTHUM yTULQjEM, U YMEPEHOM U TELLKOM KJAUHUYKOM
cnnkom KOBU-19.

3ak/byyak: [JobumjeHM Hanasm uctudy notTpedy 3a naxk/bmeum npahersem 6p3nHe naga elPP
N KoHTponom el®P koa 6onecHuKka ca npetxogHom XBB HakoH KOBWA-19 Koju cy 6e3
cMmnToma Tokom ayrotpajHor KOBU/1-a, kKako 6u1 ce ybaxuie AyropoyHe KOMMInKaumje.
K/byyHe peumn: xpoHuyHa 6onect bybpera, KOBUA19, eGFR, nporpecuja, ucxond Tokom 3
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Cnuka 1. MpouereHe npomeHe 6p3nHe raomepynapHe ountpaunje (eGFR) ToKkom
Tporoguvwer npahera y 3aBUCHOCTU OZ, NoArpyna ca onagarem ¢yHKumje bybpera (bp3u
nag eGFR-a: KOBN/ no3ntmeaH: novetHn eGFR y ogHocy Ha eGFR y apyroj n Tpehoj roanHn,
p<0,04, KOBN[ HeratuBaH: no4yeTHN eGFR y ogHocy Ha eGFR y Tpehoj roannHu, p<0,005)

Literatura:

1. Gansevoort RT, HilbrandsB. CKD is a key risk factor for COVID-19 mortality. Nat Rev
Nephrol 2020; 16:705-6.

2. Schmidt-Lauber C, Hanzelmann S, Schunk S, Petersen EL, Alabdo A, Lindenmeyer M,
et al. Kidney outcome after mild to moderate COVID-19. Nephrol Dial Transplant 2023;
38:2031-40.

3. Kania M, Terlecki M, Batko K, Rajzer M, Malecki MT, Krzanowski M. Impact of Prior
Chronic Kidney Disease and Newly Detected eGFR Impairment at Admission on
Outcomes and Prognosis of Hospitalized COVID-19 Patients - A Single-Center Cohort
Study. Int J Gen Med 2025; 18:593-602.

55



IMPACT OF COVID-19 ON CHRONIC KIDNEY DISEASE PROGRESSION OVER THREE YEARS
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Background: The renal function of patients with COVID-19 was controlled in a large number
of studies, mostly investigated the incidence, prognosis and outcome of acute kidney injury
during COVID-19, or the impact of chronic kidney disease (CKD) on the outcome of COVID-19
and mortality. A fewer studies followed the change in kidney function in patients with
previous CKD during and after COVID-19, and the results are inconsistent and depend on the
follow-up time after recovery, the severity of COVID-19 and the initial kidney function. Our
study aimed to evaluate the impact of COVID-19 on kidney function decline in patients with
preexisting CKD over a 36-month follow-up period.

Methods: This multicenter, retrospective study included 63 CKD patients with a positive PCR
test for SARS-CoV-2 (COVID positive), without long-term COVID signs and 56 CKD patients
without COVID-19 (COVID negative), matched for age, sex, test time, vaccination status. All
patients were monitored in nephrology departments for at least one year before the onset of
the COVID-19 pandemic in 2020, with follow-up continuing on an outpatient basis after SARS
CoV-2 infection. Follow-up of routine laboratory analyzes were available from 2019 until
January 1, 2024. Estimated glomerular filtration rate (eGFR) change was expressed as the
annual absolute change in eGFR, then categorized based on the Kidney Disease Outcomes
Quality Initiative guidelines into: no decline (>0 ml/min/yrs), mild decline (-4-0 ml/min/yrs),
and rapid decline (< -4 ml/min/yrs).

Results: Both patient groups demonstrated annual eGFR decline, with a greater magnitude
of decline after COVID-19 (-4.0 vs -1.49 ml/min/1.73m2/ year, p< 0.009). More than half of
COVID-positive, and 30% COVID-negative patients experienced rapid eGFR decline. eGFR
trajectories across decline-based groups over the three-year follow-up are summarized in
Figure 1. By the end of follow-up, patients in the no decline eGFR subgroups improved kidney
function. In patients’ subgroups with mild eGFR decline eGFR decreased over three years but
not significantly compared to the initial values. Patients with a rapid eGFR decline had the
greatest decline in kidney function in the first year (COVID-positive) and second year (COVID-
negative), and then maintained stable function. At the end of the study six COVID-positive
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and 11 COVID-negative patients with mild and rapid eGFR decline progressed to stage 5 non-
dialysis-dependent CKD, but this difference was not statistically significant. Baseline and third-
year eGFR were identified as independent predictors of absolute eGFR change, with opposite
influence, and moderate and severe clinical picture of COVID-19.

Conclusion: Obtained findings highlight the need for close monitoring of magnitude of eGFR
decline and proactive management in post-COVID-19 CKD patients symptomless for long-
COVID, to mitigate long-term complications.

Key words: chronic kidney disease, COVID-19, eGFR, progression, outcome over 3 years
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Figure 1. Estimated glomerular filtration rate (eGFR) changes during the three years’ follow-
up depending on kidney function decline subgroups

(Rapid eGFR decline: COVID positive: baseline eGFR vs 2", 3" yr eGFR, p<0.04, COVID
negative: baseline eGFR vs 3™ yr eGFR, p< 0.005)
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